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PREFACE 


The chemistry of maleic acid and its trans-isomer, fumaric acid, has 
been the subject of studies made by many chemists for more than one 
hundred and thirty years. 

For the last thi^g^y years, during which time maleic anhydride has 
been freely available from the catalytic oxidation of benzene, indus- 
trial chemists have developed a surprisingly wide range of us(‘s for it. 
Its importance in the production of different types of alkyd resins, of 
maleinized drying oils, and of various copolymers is well known. Less 
widely known are its valuable uses in the manufacture of organic pig- 
ments, rubber, deemulsifying agents, oil additives, pharmaceuticals, 
tanning agents, detergents, wetting agents, abrasives, adhesives, cello- 
phane, and other important technical products. 

Only small amounts of maleic acid, fumaric acid, or their salts have 
been employed as such. By far the greatest interest has been centered 
in the use of maleic anhydride as a building block in chemical synthesis. 
The many types of reactions which it undergoes are indeed intriguing 
to the organic chemist. Its structure is ideally suited for synthetic 
purposes because, if suitable conditions are chosen, any atom in the 
molecule can be induced to react. Furthermore, the activity of the 
unsaturated ethylene bond, enhanced by the two adjacent carbonyl 
groups, is such that it can be depended upon to undergo almost any 
reaction that is characteristic of unsaturated organic compounds. 

We found these characteristic reactions of the carbon-carbon double 
bond as well as the other reactions of the maleyl group so fascinating 
that it seemed desirable to gather them together in their simplest book 
form so that they could be quickly reviewed, much as one might 
review a series of reference cards. Our discussions with many chemistS 
indicated a very general interest in these reactions, most of which have 
to do with the double bond. The chemistry of the double bond is 
indeed basic to the synthesis of almost all industrial organic chemi- 
cals, such as dyes, detergents, perfumes, gasolines, and flavors. In 
this book, selected types of reactions are graphically portrayed on the 
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right-hand pages. Only the reactants and the end products are shown ; 
any attempt to portray the reaction mechanism has been avoided as 
being beyond this simple presentation. 

It is our intention that the reader should be able to thumb through 
this book until a reaction that interests him is uncovered. Because 
the reader will wish to know how the products are made, we describe 
their preparation briefly. The reader will also wish to know what the 
products are like and what they are used for; that information is 
given on the facing page. Any more comprehensive information is 
beyond the scope of our book, but a series of references is given to 
assist in further study. No reference citations are included in the 
abbreviated text. 

This book is intended for students and research workers interested 
in synthetic organic chemistry, and for industrial chemists confronted 
with the problem of finding suitable (‘.hemicals to solve specific prob- 
lems. It is not designed as a textbook to be studied from cover to 
cover, nor is it in any sense an encyclopedia or a monograph. It is 
written particularly for the busy investigator who is already over- 
burdened by the ra})idly expanding chemical literature, but who likes 
to browse through cluanical reactions looking for thoughts to stir his 
creative imagination. 

Lawrkncr H. Flett 
William IIowlett Gardner 

July, 1952 
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Introduction 


This book consists of a simplified presentation of 116 different types 
of chemical reactions involving maleic anhydride or one of its simple un- 
saturated derivatives. The reaction is given whether it takes place with 
maleic acid, fumaric acid, their esters, amides, or other unsaturated 
derivatives. In most cases the reactions can be carried out with any 
one of them; collectively, they are referred to as having the maleyl 
group: — C — C=^C— C-~“. 

II H H II 

0 

Each reaction selected has been treated as the representative of a 
particular type. The reactions are grouped into chapters according 
to the elements contained in the compound reacting with the maleyl 
group. Those containing only carbon and hydrogen are to be found in 
the first chapter. This chapter is followed by chapters on compounds 
containing other elements arranged in alphabetical order. Reactions 
with bromine, chlorine, or compounds containing these elements are 
covered in the chapter on halogen compounds. Those reactions in- 
volving metallic catalysts that take a prominent part in the reaction, 
such as Friedel-Craft catalysts, sodium alkoxides, and the like, appear 
in the chapter on metallic compounds. Many other valid classifications 
could have been chosen. A brief discussion of the various reactions 
within each group introduces each chapter. 

Every effort has been made to keep the format as simple as possible. 
Each preparation is confined to a set of two open pages, with the net 
equation and a brief description of the method appearing on the right- 
hand page. Comments, a description of the reaction products, and 
possible uses are given on the left-hand page. 

The class of compounds reacting with maleic anhydride or its de- 
rivatives is shown in the upper right-hand corner of the right-hand 
pages, as illu^rated in the figure on page 3. In the left-hand 
corner of the page is a general formula for the group to which the reactant 
belongs. Only one reaction is given for the group, unless the reactants 
yield different products under varied experimental conditions, as, for 
example, is the case with the Grignard reagents. In such cases, separate 
preparations are included for each different type of reaction. 

The specific reactant selected as being typical of the class is shown in 
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the center of the page. In most cases this is the simplest member of 
the series. Because chemical reactions are most easily understood by 
studying the structural formulas of the reactants and the reaction prod- 
uct, the net equation is given directly below the name of the reactant. 

Anyone interested in a particular reaction will then wish to know how 
it is carried out. Beneath the equation, there is a brief description of the 
preparation selected directly from the literature. This is not intended 
as a laboratory procedure. Those undertaking the preparation should 
first consult the original references. 

After the description of the reaction, there are a few selected references 
to assist the reader who wishes to pursue the study of any reaction be- 
yond the scope of this book. The first reference is the source of the 
method. To this has been added a list of selected references covering 
not only the method of preparation and the properties, but also the 
possible uses of the product. Most of the patent numbers cited pertain 
to uses. 

The arrangement of the opposite or left-hand page is similar to that of 
the right-hand one. In the right-hand corner is given the class of prod- 
uct formed from the class of reactants shown in the same corner of the 
opposite page. In the illustration on this page, for example, alkoxysuc- 
cinic anhydrides are formed from aliphatic alcohols. 

The left-hand corner of the left page in a similar manner shows a 
general formula for the products. This formula is designed to indicate 
at a glance what has been added, by the reaction, to the maleyl group. 
The following symbols have been employed in both sets of general 


.Type Formula 

n 

HoyiHOH), 


ALKOW SUCCINIC ACIDS Class of Product 


Mcllioxj succinic Acid 

Aliiiliiitic alcoiiols of different elmin lengths readily react wiih nmlp- 
fttes in tlic pre'icnee of metallic ‘•udumi or the sodium cthoxide to 
produce alkoxysuccinatos. 7'he procerluie gnen is a general one It 
can be used with both branched- and stiuiglit-eham monohydiic alco- 
hols To avoid the formation of a mixture of products, it is eonunon 
prailice to use the maleic esters and alcohohites derned from the same 
alcohol Little, if any, fumanc acid is formed dining these prepara- 
tions. The acid is obtained, as shown, through saponifiCHtiun of the 
alkoxysucoiiiaie 

Metliox) succinic acid is a crx sfallme substance that melts at 101 
to 103“ when punfied. The crude acid imlt" at 93 to 100“. 

Uw. The long-chain alkoxy deii\ali\es, such as decyloxy- and 
dodccyloxysuccinic acids, have boon used as mtennedialcs m the prep- 
aration of synthetic detergents 

Alkoxysuccmic acids m general utulcigo many of the reactions of 
sucomic acid (qv ), thus offering the same possihililics for the prepa- 
ration of useful compounds. 


Specific Product 


Discussion of Reaction 


Nature of Product 


Reported Uses 
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formulas: 9R represents the maleyl grouping, — C — C=C — C — , which 

II H H J) 

is present in maleic anhydride and each of the maleic derivatives used 
as reactants in these preparations. Maleic anhydride is thus repre- 
sented.by the combination 9ll>0; maleic or fumaric acid by 9Jl(OH)j; 
OR 

and their esters by ^ ^ (OR) 2 . Groups adding to the double 

bond to produce succinic acid derivatives are shown above or to the left 
of the symbol 9R, viz., H2=9ll>0, R911(0H)2, etc. Different alkyl 
groups are indicated by R, R', R", etc. ; aryl substituents by Ar ; halogens 
by X; and metals by Met. The chemical symbols have their usual 
significance when in combination with these symbols. 

On the next line is the name of the specific product formed in the 
selected preparation. This is followed by general comments on the 
method of preparation, the reaction, and a brief description of the prod- 
uct itself. The page is concluded with a discussion of uses, not only of 
the product but of homologous compounds that may be prepared by this 
method. 

Names of the chemicals are as far as possible those used in the latest 
edition of Chemical Abstracts. All temperatures refer to the Centi- 
grade scale. 


(Group Formula 

ROMet 


ALIPHATIC ALCOHOLS 
.METAL DERIVATIVES 


Claas of Reactant 


Methanol 


Specific Reactant 


O () 

H It II l| 

urns, II, (.o< -toil 

H_ lir-coil ^ 

H II II i| 

(> O 

Mrth.nol + Di<-th) I noiF.ic a.i.J 

Proretliire. To ii mrtlio\i(lc M)luti()n, pr^p.^icd by {|isMi|\ing d g 
of !' 0 (liuiii in 30 g. of methanol, is curtlully added 10 g of dietlijl 
maleatc. Some heat is evolved. The solution bteome (olured, and 
part of the product precipitates, The reaction mixture is then n fluM d, 
whereupon more precipitate is formed as a result of some saponifn.iiii>ii 
of the iiiethoxysuccinic ester. After refluxing, the soI\cnt is removed 
by distillation, and the residue healed \Mtli a slight excess of .a potas- 
sium hydroxide solution The alkaline solution is then neutralized 
with hydrochloric acid, calcium chloride is added, and the solution is 
boiled Crystalline calcium imtlioxy.succinatc n precipitated. This 
IS carefully dcconipo-cd with a little less than the calculated amount 
of sulfunc acid, and the mixture is extracted with alcohol. The cxiiaft 
yields a sirup upon evaporation The sirup changes to a crvstalline 
mass of crude acid upon standing in an evaruated dC'ieeator, o\tr 
sulfuric acid. 


Clf, 


pimple Illustrative 
Reaction 


How Product Is Made 


Urfermeoii 

rutai*. T , / ch,m .s«- 47. 855 (18851 39, 344 ( 1881 ) cf Sclectcd Refsrences 

V S 2 , 37 r, 2 »«. 
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CHAPTER 


1 


Hydrocarbons 


This chapter describes the reactions of maleyl compounds with vari- 
ous types of hydrocarbons. The different hydrocarbons react in one 
manner or another to saturate the ethylene bond of the maleyl group. 

With mono-olefins, such as propene and its higher homologs, a 
methylene carbon adjacent to the unsaturated ethylene group adds to 
one of the carbons of the double bond of the maleyl reactant. This is 
accompanied by transfer of a hydrogen from the reacting methylene 
group to the other carbon of the double bond. Alicylic mono-olefins, 
non-conjugated polyolefins, and non-conjugated olefins containing un- 
reactive substituents, such as some of the fatty esters, behave similarly. 
Polyolefins containing unsaturated bonds separated by only a single 
methylene group generally undergo partial conversion to the conju- 
gated isomers during this addition, giving rise to mixed types of prod- 
ucts, as described under Maleinized Oils in Chapter 6, page 192. Such 
would be expected, since conjugated hydrocarbons react in a different 
manner as outlined below. 

The resonating aromatic ring in alkylaromatic compounds, like 
toluene and its homologs, apparently serves to activate the adjacent 
methyl group in much the same manner as the double bond of the 
olefin activates the methylene group. If all the hydrogens of the 
methyl group are replaced by substituents, no reaction occurs, as in 
the case cited, with ierf-butylbenzene. 

Conjugated polyolefinic hydrocarbons add far more readily to maleyl 
compounds than do the non-conjugated types. In most instances, 
reaction easily takes place at temperatures below 100°, in contrast to 
most of the above reactions. In the case of conjugated dienes, for 
example, addition occurs between the terminal carbons of the diene 
grouping and those of the ethylene bond of the maleic reactant to yield 
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tetrahydrophthalic acids or similar alicyclic adducts. These reactions 
are known as the Diels- Alder syntheses. The products contain a single 
unsaturated group in what was the 2-position of the original diene 
grouping. Various types of conjugated chain polyenes, cyclic conju- 
gated dienes, certain arylvinyls, aromatics lacking a complete Kekul6 
structure such as anthracene, highly methylated naphthalenes, and 
dienynes react in this manner. 

The reaction of arylvinyls, such as 1-vinylnaphthalene, is particu- 
larly interesting, since it is an example of how the conjugation may be 
furnished in these reactions by one of the unsaturated groups of an 
aromatic ring adjacent to an ethylene bond. Compounds containing 
the dienyne group, — CH=:CH — C=C — CH=CH — , react as if they 
were tetraenes in these reactions to give derivatives of 1, 2,3,5, 6,7-hexa- 
hydronaphthalene. Several other interesting modifications where the 
reactants contain other elements are described in the chapters which 
follow. 

Hexaphenylethane, in contrast, appears to react by dissociating into 
its triphenylmethyl free radicals that add to both carbons of the ethyl- 
ene bond of the maleyl compound. Similar a,j0-bis-substiiuted suc- 
cinic acid derivatives are produced by hexaphenyldilead, and by carbon 
tetrachloride in the presence of benzoyl peroxide. 

Ethylene and compounds containing a vinyl group generally do not 
react with maleyl compounds except in the presence of polymerization 
catalysts. Under such conditions, the major products of the reactions 
are copolymers that are formed by the hydrocarbon uniting to produce 
bridges between the ethylene carbons of separate maleyl molecules. 
Such carbon-carbon linked bridges are formed at both carbons of the 
ethylene bond to give products of long chain structures. Resinous 
materials of a similar nature are also produced as by-products in other 
reactions described in this chapter. 

Included also in this chapter is the polymerization of maleates 
because of the close similarity to the reaction with ethylene. This par- 
ticular reaction might have been included in Chapter 6, since maleates 
are carboxy-substituted ethylenes. It seemed desirable, however, to 
make an exception in the arrangement in this case. 

Products containing groups derived from both the catalyst and the 
solvents have been found among the products of these polymerization 
reactions, indicating that several different side reactions may also take 
place during these polymerizations. It has been shown that these 
reactions take place by a kinetic chain mechanism, apparently involv- 
ing the formation of free radicals [Marvel, Prill, and De Tar, 7. Am, 
Chem. Soc, 69, 52 (1947)]. 
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ALKENYLSUCCINIC ANHYDRIDES 


H 

RCH=CH— CH 2 — QR > 0 


Allylsuccinic Anhydride 

The procedure given on the opposite page is a general one. It may 
be used also for preparing branched-chain alkenyl, cycloalkenyl, and 
non-con jugated polyenyl derivatives of succinic anhydride. Use of a 
solvent is convenient but not always essential, but high temperatures 
are required unless a small amount of a catalyst, such as a peroxide or a 
finely divided metal, is added. Small amounts of iodine produce satu- 
rated products, probably cycloalkylsuccinic anhydrides. Various 
amounts of resinous polymers are also formed. It is good practice to 
use freshly distilled olefins and to dissolve the anhydride completely 
before raising the temperature to 250°. 

The addition of the olefin to the maleic compound usually occurs at 
one of its a-methylene carbons, as has been pointed out; but the ethyl- 
ene bond may shift during this addition if other unsaturated groups 
are present in the olefin. This is the case with allylbenzene and biallyl. 
These compounds therefore yield 3-phenylallyl- and 2,5-hexadien-l- 
ylsuccinic anhydrides, respectively. These exceptions may readily be 
explained if a free radical mechanism is assumed for the reaction. 

Allylsuccinic anhydride is a colorless oil that has not been solidified. 
It can be distilled under 16-mm. pressure at 135 to 142°. It is insol- 
uble in water, but is slowly converted to the acid in contact with it. 
The acid melts at 99 to 100°. With hypobromous acid it yields a 
bromolactone. 

Uses. Alkenylsuccinic anhydrides are valuable intermediates in the 
manufacture of certain synthetic detergents. The acids have been used 
as rust-inhibiting agents in lubricants. Ethylene esters have been 
employed in emulsions used for oiling textiles, in the treating of leather, 
and in the preparation of hard-water-soluble oils. Alkyl esters yield 
plasticizers for vinyl chloride copolymers. 

When hydrogenated, alkenylsuccinic anhydrides produce the satu- 
rated alkyl derivatives, and when oxidized they yield carballylic or 
other tribasic acids. Most of them can be readily lactonized with 
sulfuric acid at normal temperatures. 
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RCH=CH— CH,R' 


OLEFINS 


Propene 

HCH HCH 



Propene + Maleic anhydride >• Allylsuccinic anhydride 


Preparation. A solution of 50 g. of maleic anhydride and 40 g. of 
propene in 50 ml. of benzene is allowed to react for 12 hours at 250° 
in an autoclave. This produces a maximum overpressure of 74 atmos- 
pheres. After the reacted mixture is cooled, the pressure is 13 at- 
mospheres. 

The product is a mixture containing a dark brittle resin, maleic 
anhydride and allylsuccinic anhydride. It is distilled under reduced 
pressure at 16 mm. The 44 g. of unreacted maleic anhydride distills 
below 132°, and the allylsuccinic anhydride is obtained at 135 to 142°. 
The yield of allylsuccinic anhydride is 26 g. or 35% of theory. 

Homologs of propene react more easily, giving yields of 70 to 80% 
of theoretical amounts of substituted succinic anhydrides. 

References 
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TERPENESUCCINIC 

ANHYDRIDES 


3-Terpiiiolene8uccinic Anhydride 

The reaction of terpinolene with maleic anhydride is typical of non- 
conjugated monocyclic hydrocarbons. All the terpenes yield mixtures 
of monomers and resinous polymers. Rearrangement to a conjugated 
terpene takes place very readily if small amounts of maleic acid 
or other acids are present in the anhydride. When this occurs, the 
reaction product also contains relatively large proportions of the crys- 
talline Diels-Alder addition product of a-terpinene 

3-Terpinolenesuccinic anhydride is a pale yellow oil. When crystal- 
lized it melts at 182°. That it contains two ethylene bonds, in contrast 
to one of the Diels-Alder adduct, has been proved by ozonolysis and 
hydrogenation. Terpinolenesuccinic anhydride serves as a plasticizer 
for the resin formed during its preparation. 

Uses. The reaction described here is utilized commercially in the 
production of products sold under the trade name Petrex Acid.* This 
acid is a uniform mixture of 50% monomer and 50% polymer. The 
acid is used in the manufacture of Petrex Resins, which have a number 
of unique properties. These resins are employed for various industrial 
purposes. 

Terpenesuccinic anhydrides offer several possibilities for preparing 
many new and useful compounds as, for example, agents for controlling 
the vulcanization of rubber. 

* Hercules Powder Company. 
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Procedure, A mixture of 68 g. of pure terpinolene and 49 g. of 
acid-free maleic anhydride is heated with good agitation to 185"^. The 
reaction mixture is then allowed to reflux for 1 to 2 hours. The vigor- 
ous reaction is largely completed during the first half hour, as shown 
by the disappearance of the two layers and the rise in boiling tempera- 
ture. The mixture is then distilled under reduced pressure. The por- 
tion 614 180 to 200° is dissolved in a potassium hydroxide solution 
by heating the mixture of the two for a short period of time. The 
unsaponifiable material is removed by filtration, and the solution when 
cooled is acidified with acid. The oil that separates is dissolved in 
ether. The ether solution is washed with water, dried, and allowed 
to evaporate. The oily product so obtained is then allowed to crystal- 
lize from a mixture of ethyl acetate and petroleum ether, and recrystal- 
lized from ethyl acetate. The yield of pure crystalline adduct is 16%. 

The non-volatile portion of the products consists of resinous copol- 
ymers ranging in molecular weight from 500 to 3000 and containing 
an excess of combined anhydride in a ratio of 5:4 to 4:3 moles of maleic 
anhydride to terpene. 


References 

HulUsoh, K.. Ber 72B. 1173 (1939). Cf.: 

Diels, O., Koch, W., and Frost, H., Ber. 71B, 1163 (1938). 

U.S. 1,992,249; 1,993,033; 2,047,004; 2,067,859; 2,070,653; 2,080,436; 2,118,925; 2,118,926; 2,268,601; 
2,268,524; 2,294,651; 2,298,470; 2,321,750; 2,322,542; 2,354,993; 2,366,317; 2,371,235; 2,411,237. 
Fr. 842,991 
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Benzylsuccinic Anhydride 

Alkylaromatic hydrocarbons react with maleic anhydride at elevated 
temperatures under pressure, at the carbon atom adjacent to the aro- 
matic nucleus. In this respect they resemble the mono-olefins in their 
manner of addition. Compounds that have been found to react in 
this manner, besides toluene, are ethylbenzene, isopropylbenzene, 
p-xylene, cumene, cymene, tetrahydronaphthalene, 2-methylnaphtha- 
lene, diphenylmethane, dibenzyl, fluorene, indan, and acenaphthalene. 
These reactions apparently involve the formation of free radicals as 
part of their mechanism. 9-Phenylmethylanthracene and 1, 2,3,4- 
tetramethylnaphthalene react like aromatics {q.v.) to give diene-type 
adducts, whereas fer^-butylbenzene, lacking an a-methylene group, 
fails to react. 

Benzylsuccinic anhydride is a crystalline solid that melts at 100 to 
101°. It dissolves gradually in hot water to produce on cooling a crys- 
talline acid melting at 160 to 161°. 

Use, Compounds of similar type of structure to the aralkylsuccinic 
acids are described as intermediates in the manufacture of dyes, resins, 
and synthetic detergents. 
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Toluene + Maleio 
anhydride 


Benzylauccinic anhydride 


Procedure, A solution of 1000 g. of toluene and 98 g. of maleic 
anhydride is placed in a pressure vessel and heated gradually over a 
period of a half hour to 305 to 315° and then held at this tempera- 
ture for 20 minutes. An overpressure of 32 atmospheres is developed. 
Upon cooling, the mixture becomes lighter in color. The solution is 
then fractionally distilled to free it of the unreacted toluene and the 
small amount of maleic anhydride. 


References 
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DIELS-ALDER OLEFIN-ADDUCTS 
(TETRAHYDROPHTHALIC ANHYDRIDES ) 
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cis-4-Cyclohexene-l,2-dicarboxylic Anhydride 

(cis-4-T etrahydroph thalic Anhydride ) 


This reaction is a very general one. It is used as a test for ascertaining the 
conjugation of unsaturated groups. Care should be taken, however, in what 
conclusions are drawn from this reaction alone, since certain conjugated com- 
pounds, such as the pyrroles, add maleic anhydride in an unusual manner 
(g.v.) and others, like the thiophenes, are usually completely non-reactive. 
Several non-conjugated olefins readily isomerize during reaction, to produce 
adducts of the conjugated isomers. Vinylcyclopropane, which shows many of 
the properties of conjugated diolefins, does not react with maleic anhydride 
at the usual temperatures. In the presence of nitrobenzene, dehydrogenation 
occurs so that substitute phthalic anhydrides are obtained in place of the 
partially hydrogenated derivatives. 

as-4-Cyclohexene-l,2-dicarboxylic anhydride, like most Diels-Alder adducts, 
is a crystalline solid. It melts at 103 to 104®. It is soluble in most organic 
liquids but only partially soluble in ligroin and petroleum ether. The acid may 
be obtained by heating the anhydride with water. When recrystallized from 
water, it melts at 166®. 

Uses. The adduct with cyclopentadiene, namely, bicyclo-[2.2.1]-5-heptene- 
2,3-dicarboxylic anhydride is known commercially by the trade name, Carbic 
Anhydride,* It is an important reactant in the preparation of oil-reactive 
resins, which are used in overprint varnishes, ink, waterproof coatings, and 
emulsion paints. Adducts with crotonaldehyde acetate have been suggested 
for use in the preparation of dyes, pharmaceuticals, and softening agents; 
and those from dimethyl muconate and from isoprene, as plasticizers for cellu- 
lose acetate. When sulfonated, these adducts have surface-active properties. 

These adducts are also valuable in the synthesis of several pure chemicals. 
For example, as-4-tetrahydrophthalic anhydride may be oxidized to butane- 
tetracarboxylic acid with permanganate, and biphenyl compounds may be 
obtained by decarboxylation of the phenyl derivatives. 

The reaction itself has been used as a means to remove conjugated com- 
pounds in separating fatty-acid mixtures and in separating neovitamin A from 
vitamin A, and to purify benzene of dienes. 

*Bakelite Division, Carbide and Carbon Chemical Corporation. 


12 



CONJUGATED DIENES 


RCH=CH— CH=-CHR' 


1,3-Butadiene 


C- 


HC 




H' 




\ 

C— > 

H2 

1,3-ButadiGne 


o 

u 


o 


./ 


C-C 

” A 


+ Maleic 
anhydride 


H, 

C 0 



lie 



e-c 





Hj 

cts-4-Cyclopentene-l, 
2-dicarboxylio anhydride 


Procedure. A solution of 2.5 g. of 1,3-butadiene and 4 g. of maleic anhydride 
in 10 ml. of pure benzene is allowed to stand for 12 hours and is then heated on a 
water bath at 100° for 5 hours. The reaction mixture crystallizes completely 
upon cooling. The product is recrystallized from hot ligroin, giving practically 
a quantitative yield of aV4-tetrahydrophthalic anhydride. 
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l,2,3,10a-Tetrahydro-l,2-phenanlhrenedicarboxylic 

Anhydride 


Certain arylvinyl compounds, such as l-vinylnaphthalene, are 
capable of adding maleic anhydride, at least in part, in the manner 
of a chain-conjugated diene, as shown on the opposite page. Such 
compounds include, besides 1-vinylnaphthalenc, certain 1-cyclopen- 
tenylnaphthalenes, several 9-vinylphenanthrenes, p-vinylveratrolcs, 
and p-vinylisosaf roles Most arylvinyl compounds, such as 

styrene, however, can form only copolymers. Diarylethylenes add two 
moles of maleic anhydride to produce 'labile bis-adducts. See, for 
example, the reaction of l-phcnyl-l-(3,4-dimethoxyphenyl) ethyl- 
ene. Indene also forms a similar cyclic adduct, but addition takes 
place in such a manner as to produce l,2,3,4-tetrahydro-l,4-methano- 
naphthalene-2,3-dicarboxylic anhydride. 

The reaction between l-vinylnaphthalene and fumaric acid is 
slower than the one with maleic anhydride, but it gives a higher yield 
of monomeric adducts. 

The cis-l,2,3,10a-tetrahydro-l,2-phenanthrenedicarboxylic anhy- 
dride formed in this reaction with maleic anhydride melts at 187.3 to 
190°, after softening at 186°, according to Bachmann and Scott. When 
evaporatively distilled under reduced pressure, or refluxed with acetic 
or propionic acid, or treated with acetic anhydride and hydrogen 
chloride, it is isomerized to the naphthalenic anhydride, cis-l,2,3,4-tet- 
rahydro-l,2-phenanthrenedicarboxylic anhydride. This compound 
melts at 170.3 to 170.8°. 

Use. These anhydrides may be used to prepare the corresponding 
pure polycyclic hydrocarbons by dehydrogenation and decarboxyla- 
tion. Aromatic dicarboxylic acids, such as 1,2-phenanthrenedicarbox- 
ylic acid, are obtained by dehydrogenation alone, and compounds such 
as 4/7-cyclopenta[a]phenanthrene-15,17-dione by allowing these an- 
hydrides to react with ethyl acetate. Adducts with 1-vinylnaph- 
thalene have been employed in synthesizing sex hormones. 
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Maleio 
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1 ,2,3, lOa-Tetrahydrophe- 
nanthrene- 1 , 2>d icarboxy lie 
anhydride 


Procedure. A solution of 8.5 g. of 1-vinylnaphthalene and 5.7 g. 
of maleic anhydride in 17 ml. of xylene is heated on a steam bath for 
3 hours. A deposit of the adduct begins to form in the yellow solution 
after 10 minutes’ heating. Upon completion of the reaction, the mix- 
ture is allowed to stand for 12 hours at 0° and then is filtered. The 
yield of crude product is 13 g., or 91.5% of theory. 
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AROMATIC ADDUCTS 



9,10-Dihydro-9,10-ethanoanthracene-ll,12-dicarboxylic 

Anhydride 

(9,10-Dihydroanthracene-9,10-endo-a,iS-succinic Anhydride) 

Aromatic hydrocarbons, such as benzene, naphthalene, and phenan- 
threne, usually do not react with maleic anhydride. As a general 
rule, it is only the polynuclear aromatic compounds, for which a com- 
plete Kekule structure cannot be drawn, that readily condense with 
this dienophile. Such compounds include anthracene, naphthacene, 
1,2-benzanthracene, and the like. Chrysene and 1,2,3,4-tetramethyl- 
naphthalene are the exceptions. The methyl groups in the latter com- 
pound probably so activate the aromatic rings that addition can take 
place under proper experimental conditions. This led Norton to pre- 
dict that even benzene and naphthalene might add dienophiles if they 
could be made unusually reactive, provided of course that they formed 
sufficiently heat-stable adducts. (See reference to Kloetzel and Her- 
zog.) Benzathrene adds maleic anhydride but rearranges in doing so. 
9-Methyleneanthrone and its derivatives add the anhydride in a 
manner similar to that of vinylnaphthalencs. 

Anthracene forms a well-defined crystalline adduct that shows no 
fluorescence under an arc lamp, such as is observed with anthracene 
itself. This adduct melts at 223"^. 

Uses. Little study as yet has been given to possible uses for these 
compounds except for methods of separating polynuclear hydrocarbons. 
Treated with alcoholic potassium hydroxide, the anthracene adduct 
yields the corresponding anthrone derivative. 
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Procedure. Forty-two g. of anthracene and 25 g. of maleic anhy- 
dride are allowed to react in a boiling solution of 250 ml. of o-dichloro- 
benzene for one hour. Crystals of the adduct separate readily during 
the cooling of the reaction mixture. They are recrystallized, first from 
o-chlorobenzene and then from xylene. 
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TERPENE ADDUCTS 



H«C 


5-l8opropyl-7 -mcthylbicyclo[2.2.2]-7 -octene-2,3-dicarboxylic 

Anhydride 

(7-l8opropyl-3,6-ethano-4-hexcne-l,2-dicarboxylic Anhydride) 

The formation of a Diels-Alder type of adduct with monocyclic ter- 
penes containing conjugated double bonds is far from quantitative in 
most cases. Although the yield here is 90 % with a-phellandrene, it is 
usually only 30 to 50% with other conjugated monocyclic terpenes, 
such as oj-terpinene. The remainder of the products are chain copoly- 
mers that vary in their ratio of maleic anhydride to terpene. The 
copolymer of a-phellandrene, for instance, has a molecular weight of 
1220 and a molar ratio of 6 parts of anhydride to 5 of terpene. Com- 
pounds of these types are also present in the reaction products of maleic 
anhydride with a non-conjugated monocyclic terpene if small 

amounts of acid are present to cause isomerization. 

5-Isopropyl-7-methylbicy do [2.2.2] -7-octene-2,3-dicarboxylic anhy- 
dride melts at 126 to 127''. It forms a crystalline acid and ammonium 
salt. It can be completely distilled under reduced pressure. 

Use. These crystalline adducts, or the reaction mixtures of them 
with the copolymers formed simultaneously, may be combined with 
polyhydric alcohols to produce polyesters. These polyesters are used 
in coatings, inks, plasticizers, adhesives, linoleum, and food wrappers. 
The glycol ester has been employed as a rubber substitute. De- 
emulsifying agents for petroleum, sudsing and wetting agents, and 
synthetic tanning agents can be prepared from them. 
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a-Phel- -f- Maleic 5-l8opropyl-7- 

landrene anhydride . rnethyl-bicyclo 

t2.2.2]-7-octene“ 

2,3-dicarboxylic 

anhydride 

Procedure. To a solution of 10 g. of a-phellandrene in 10 ml. of 
benzene 7 g. of maleic anhydride is added, and the mixture is thoroughly 
shaken. The shaking causes the liquid to turn yellow. The reaction 
mixture is then heated at 40 to 50° for one hour, during which time the 
maleic anhydride dissolves completely. The solution is filtered, evap- 
orated, and the residue recrystallized from boiling methanol. The 
resulting crystals are dried at 100° under reduced pressure. The yield 
is approximately 90% of theory. 

The reaction may also be carried out without solvent at 55°. The 
10% polymeric by-product may be recovered also. 
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HEXAHYDRONAPHTHALENETETRACAR. 
BOXYLIC DIANHYDRIDES 





l,2,3,4,5,6,7,ll9l29l3,16,17-Dodecahydro-15-cyclopenia [a]- 
phenan threne-6,7 ,11,1 2- tetracarboxy lie Dianhydride 
(Steradiene-6,7,ll,12-tetracarboxylic Dianhydride) 

This reaction illustrates how maleic anhydride may combine with 
certain dieneynes. Here the acetylene bond is the equivalent of two 
olefin groups, thus giving rise to a double Diels-Alder addition. In 
this respect, these dieneynes are similar to conjugated tetraenes, except 
that tetraenes do not produce conjugated bicyclic derivatives. 2,5-Di- 
methyl-l,5-hexadien-3-yne also reacts with two moles of maleic anhy- 
dride in a like manner, indicating that the reaction is a general one 
for both chain and cyclic dienynes of this type. That the products 
contain a conjugated group with the unsaturated bonds in different 
rings has been shown by comparing their absorption spectra with com- 
pounds known to contain such structures. The parent aromatic hydro- 
carbons have been prepared from these adducts by heating them with 
palladium and charcoal. 

These dienynes do not react with maleic anhydride at temperatures 
much below 100°. Side reactions also occur that would account for 
the relatively low yields. It has been noted that small amounts of 
impurities in the reactants markedly affect the results. 

The product obtained in this preparation occurs as colorless crystals 
that melt in an evacuated tube at 252 to 253° without decomposition. 
Heated with ethyl alcohol, it yields the monoethyl ester. This melts at 
223 to 230°, with discoloration and evolution of gas. The acid can be 
obtained in 94% yield from the anhydride. It melts at 231 to 232° 
with decomposition. The tetraethyl ester melts at 117.5 to 120.5°. 
Hydrogenation with an Adams catalyst gives 89% of sterene-6,7,11,12- 
tetracarboxylic acid, which melts at 164.5 to 170.5°. 

Use. Some of these compounds were prepared for studying the 
metabolism of steroids in animals. 
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(1-Cyclohexen-l-yl) (1-cyclopen ten-l-yl)acetylene 




(1-Cyclohexen-l-yI) (1-oycloponten- ^ 1,2,3,4,5,6,7,11,12,13,16,- 

l-yl)acetylene + Maleic anhydride 17-Dodecahydro-15- 

cyclopenta [a] 
phenanthrene-6,7, 11,12- 
tetracarboxylic dian- 
hydride 


Preparation. Three moles of freshly distilled maleic anhydride 
and one of (l-cyclohexen-l«yl) (1-cyclopenten-l-yl) acetylene are 
heated at 150° for 3 hours in a sealed tube, in an atmosphere of nitro- 
gen. The reaction mixture, after cooling, is extracted with ether, and 
the residue from the ether extract is then recrystallized from ethyl 
acetate or dioxane. This yields 15 to 17% of the above dianhydride. 
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a,/3-SUBSTITUTED SUCCINIC ANHYDRIDES 


a,j3-Bi8(triphenylmethyl)succinic Anhydride 

Compounds capable of splitting into free radicals will react with 
derivatives of ethylene such as maleic anhydride, either in an inert 
solvent or in the molten condition to produce the disubstituted products. 
Two reactions of this type have been carried out with maleic anhydride, 
namely, the above reaction with hexaphenylethane and the reaction 
with hexaphenyldilead {q.v.). A similar addition takes place with 
trichloromethyl radicals when produced by the reaction of carbon tetra- 
chloride with benzoyl peroxide. (See Reaction of Carbon Tetra- 
chloride.) In contrast, chlorotriphenylmethane reacts with silver 
fumarate to yield only the triphenylmethyl ester, without affecting 
the unsaturation of the fumarate. 

a,/3-Bis (triphenylmethyl) succinic anhydride is a crystalline solid 
that melts at 232° when crystallized from acetone. The acid is readily 
soluble in ether and can be separated from the anhydride by this sol- 
vent. Crystallized from acetic acid, it decomposes at 148°. The 
dimethylester melts at 212 to 213°. 

Use. No commercial use has yet been made of these reactions. 
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FREE RADICALS 


Hexaphenylethane 
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0 




(H6C6)3C— C— c 

" A 

Hexaphenylethane + Maleic anhydride 


\ 


0 


(HiC,),C— t— C'^ 

a , /9-Bis ( triphenyl methyl) suoci nio 
anhydride 


Procedure. To 200 ml. of a benzene solution of hexaphenylethane, 
which has been prepared by allowing finely divided silver to react with 
120 g. of chlorotriphenylmethane, 40 g. of maleic anhydride is added. 
The reaction mixture is refluxed in an atmosphere of nitrogen for 
several hours. The reacted mixture is then extracted with a 3% 
sodium hydroxide solution. An insoluble salt forms at the interface 
of the two solutions. This salt and the aqueous solution are then 
separated, acidified, and extracted with ether. Whereupon, 60 g. of 
acid and 12 g. of the anhydride are obtained from the extract. 
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POLYMERS 


Ethyl Polysuccinates 

Polymerization of this type occurs to varying degrees in the prepara- 
tion of several compounds of maleic and fumaric acids, especially if 
catalysts, such as benzoyl peroxide [q.v,), are present that can induce 
self-addition of the maleic compound. Such addition polymerization 
takes place very readily in the preparation of esters with polyhydric 
alcohols ; it occurs after two or more moles of maleic acid have reacted 
to form a polymaleate. Air may accelerate such a reaction under cer- 
tain conditions by producing peroxides. 

Ethyl polysuccinate is a soft, colorless resin that is soluble in ethyl 
alcohol, acetone, ethyl acetate, butyl acetate, benzene, toluene, xylene, 
and aromatic naphthas. It is insoluble in aliphatic hydrocarbons. 

Uses. Coating compositions of good color stability and excellent 
characteristics are obtained from ethyl polysuccinate. Use is also 
made of this type of reaction by admixing maleic anhydride in small 
amounts with other anhydrides in manufacturing several important 
types of mixed alkyd resins. Glycol polysuccinates give coatings that 
dry in air when siccatives are added. Esters from dienols have been 
suggested as drying-oil substitutes. Nitroalkyl esters produce combus- 
tible plastics and binders for explosives. Unsaturated esters from allyl 
alcohol and its homolog yield an important group of cast plastics, rub- 
bers, and fibers. Emulsion polymers of this type have been recom- 
mended as plasticizers for synthetic rubber, and the diethylene glycol 
polyesters as binders for low-pressure molding compounds. 
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MALEYL COMPOUNDS 


HAO-C- 

a 2 ,, 
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-CH 


HC-C-O-CgHg 






Diethyl fumarate 


H II 

-C-C-OC,H, 

HC 

I 

0=C-OC2H5 

Ethyl polysuccinate 


Diethyl Fumarate 

Procedure. A solution of 4 g. of benzoyl peroxide in 200 g. of 
diethyl fumarate is heated on a water bath for 7 hours. The unpoly- 
merized ethyl fumarate is then removed by distillation, leaving 179 g. 
(89% of theory) of ethyl polysuccinate. 
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COPOLYMERS 


Polyethylenesuccinic Anhydride 

This copolymerization is typical of many of the catalyzed reactions 
of maleyl compounds with those containing vinyl or substituted ethyl- 
ene groups. Several arylvinyl compounds, like a-vinylnaphthalene, 
indene, and propenylphenyl ethers such as isosafrole, however, under- 
go the typical Diels-Alder condensation in the absence of peroxides 
{q.v .) ; but stilbene, 9-benzylidenefluorene, 9-anisylidenefluorene, 1,4- 
diphenyl-l-butene, and 1 ,10-diphenyl-l ,3,5,7,9-decapentaene form 
chain compounds similar to those of ethylene even when no peroxide 
is added to the reactants. 

Many of these reactions yield products that are of constant compo- 
sition and molecular weight irrespective of initial concentrations of 
reactants. Some reactions require a solvent, whereas other reactants 
will unite only in the presence of themselves. The molecular propor- 
tion of succinyl groups in the product varies with the particular ethyl- 
ene derivative. Some can be made to react in molecular proportions, 
such as propylene, isobutylene and diisobutylene. Others contain only 
an excess of one or the other of the reactants. In general, maleyl com- 
pounds show a reaction selectivity that favors the alternating 1: 1-type 
of copolymer. 

Polyethylenesuccinic anhydride is a solid that dissolves readily in 
warm water and hydrolyzes slowly to give the polyacid. A 10% solu- 
tion at 25° has a pH of 5.2 and a viscosity of 11.6 centipoises. The 
copolymer is also soluble in alkalies. 

Use. Polyalkylenesuccinic anhydrides have been used as tanning 
agents, photographic chemicals, gelatin substitutes, textile agents, 
petroleum chemicals, protein hardeners, alkyd resin ingredients, and 
as an intermediate in producing naphthol dyes for color photography. 
Polyphenylethylenesuccinates may be used for coatings, resins, lacquer, 
base-exchange resins, and plastics; mixed vinyl copolymers when sul- 
fonated, as detergents; and methyl methacrylate copolymers, as sol- 
vents and plasticizers. Copolymers with vinyl compounds have adhe- 
sive and other properties that are not readily obtained in other ways, 
whereas maleinized rubbers not only adhere better to metals but are 
partially vulcanized during the copolymerization. 
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H H H H 

C-=C + C=C 
H H 11 

0=6 6=-o 

\ / 

0 

Ethylene -f Maleic anhydride 

Procedure. A solution containing 30 g. of maleic anhydride and 
1.5 g. of benzoyl peroxide in 200 ml. of toluene is placed in an auto- 
clave, and ethylene is added until the weight increases 40 g. Heat is 
then applied, initiating an exothermic reaction at about 100°, at which 
point the temperature rises rapidly to 150°. The mixture is carefully 
held at the higher temperature for one hour before being cooled. The 
product formed is insoluble in toluene and is thus recovered by filtra- 
tion. The yield is 35 g., or 88% of theory. 


ETHYLENE AND DERIVATIVES 
INCLUDING VINYLS 


Ethylene 

H H H H “ 

i 

Polyethylenesucoinio 
anhydride 
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CHAPTER 


2 


Halogens and Their Compounds 

The hydrocarbon reactions described in the first chapter were limited 
to the saturation of the carbon-carbon double bond of maleic com- 
pounds. Halogens and their compounds offer a wider variety of re- 
actions. Included in this chapter are reactions involving not only the 
ethylene bond, but also those embracing the hydroxyl and carbonyl 
groups. In fact, a halogen reaction can be carried out with every 
atom of the maleyl group. 

The addition of halogens, themselves, is an interesting study of the 
effect of reaction conditions upon the yield of different optical isomers. 
Whereas a,j8-dichlorosuccinic acid may be obtained as either the 
racemic acid or the meso-acid, a,^-dibromosuccinic acid is produced 
only as a mixture of isomers under all conditions. Dichlorosuccinic 
acids, like tartaric acids, are often cited as a classical example of 
optical activity. 

Addition of a dehydrohalogenating agent in the reaction with chlorine 
produces chloromaleic acid, which acts in many syntheses as if it were 
acetylenedicarboxylic acid as a result of the ease with which it splits 
off hydrogen chloride during many of its reactions. 

Considerable difficulty is encountered in effecting the addition of 
halo acids. Hydrogen chloride, for example, can be caused to react 
only in excess in an anhydrous solution, whereas very poor yields are 
reported for the reaction of hydrogen bromide by various methods. 
Hypochlorous acid, in marked contrast, readily adds to the ethylene 
bond of maleates even in an aqueous solution to give /3-chloromalic 
acid. This product readily splits off hydrogen chloride, especially in 
alkaline solution, to give the interesting dicarboxyethylene oxide, 
epoxysuccinic acid. 

The reaction with mixed alkyl chlorides through a splitting off of 


28 



hydrogen chloride gives the alkenylsuccinic acids. This affords a con- 
venient means of adding olefinic groups to the ethylene bond of maleic 
anhydride by starting with saturated hydrocarbons. 

Compounds such as 2-bromo-l,l-diphenylethylene probably first 
undergo a multiple Diels-Alder reaction, but the product not only loses 
hydrogen bromide and some maleic anhydride but also undergoes auto- 
dehydrogenation upon sublimation during the purification. 

No evidence has as yet been obtained that acid chlorides are capable 
of adding to the ethylene bond of maleyl compounds. With maleic 
and fumaric acids, fumaryl chloride is the product formed. With 
maleamic acid, imides and amides are produced. When maleic acid 
is treated with phosphorus pentachloride and the reaction mixture is 
immediately distilled under reduced pressure, a product isomeric with 
the unknown maleyl chloride has been reported. This compound is a 
lactone having the ring structure of maleic anhydride where two chloro 
groups replace an oxygen of one of the carbonyls. 

Carbon tetrachloride in the presence of benzoyl peroxide treated 
with maleates gives a,^-bis(trichloromethyl) succinates as one of the 
products of the reaction. The catalyst apparently reacts with the 
carbon tetrachloride to produce trichloromethyl free radicals, which, 
like triphenylmethyl, add to both carbons of the ethylene bond of the 
maleate. As is pointed out in the discussion of that reaction, dioxane 
forms, in contrast, the dioxanylsuccinate. 
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X29ll(OH)2 


a,i3-DIHALOSUCCINIC ACIDS 


mcso-Qi, /3-Dichloro8uccinic Acid 


a,)8-Dichlorosuccinic acids may be obtained either as the racemic 
acid mixture or the inseparable meso-acid. The product formed in this 
preparation is reported to be exclusively the meso-acid produced by 
what is known as a trans-addition. The racemic a,yS-dichlorosuccinic 
acid has been made in a similar manner from maleic acid. A cis- 
addition occurs when chlorine is added to aqueous solutions of the 
soluble neutral salts in the presence of an excess of chloride ions. 
Commercially, molten maleic anhydride is treated with chlorine under 
pressure to produce the a,^-dichlorosuccinic anhydride. 

Bromine, in contradistinction, yields mixtures of the isomers under 
all conditions. The meso-acid is the predominant product when this 
halogen is added to aqueous solutions of the neutral salts of cither 
maleic or fumaric acid. The racemic acid is usually prepared by carry- 
ing out the reaction in anhydrous ether. 

meso-a, /9-Dichlorosuccinic acid occurs as bright hexagonal, bilateral 
pointed prisms, which sinter at 190° and melt at 215°. The acid is 
soluble in water, alcohol, ether, acetone, and chloroform, but only 
slightly soluble in benzene and ligroin. The racemic acid melts at 166 
to 167°, as does both the d- and the t-acids. 

Use. a,j3-Dihalosuccinic acids have been extensively used in the 
synthesis of a large number of chemical compounds. Propargylic acid ; 
acetylenedicarboxylic acid; a,^-dihalosuccinamic acids; a,^-dichloro- 
N-phenylsuccinimides; a-bromo-N-(p-tolyl)maleimide; halomaleic and 
halofumaric acids; a-chloro-/3-iodoacrylic acid; a,a,j8,/?-tetrachloro-N- 
phenylsuccinimide ; Of,^-diarsonosuccinic acid ; a,/9-diphenoxysuccinic 
acid; 2,3,4,5-thiophenetctracarboxylic acid; hydrazinomalehydroxamic 
acid; 4-oxo-l,4-benzopyrancarboxylic acid; 4-pyrone; 2,3-dihydro-5- 
phenyl-2,3,4-furantricarboxylic acid; meso-a,)S-diaminosuccinic acid; 
and 1,2,3-cyclopropanetricarboxylic acid are some of the types of 
substances that have been prepared from these acids. 

The alkyl esters of dichlorosuccinic acids are valuable fungicides. 
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HALOGENS I 


Chlorine 


Cl-» 
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Chlorine 
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+ Fumaric acid 


0 

Cl— c— 1!;— OH 
Cl— in 
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me5o>a, /S'Dichlorosuocinio 
acid 


Procedure. A mixture of 10 g. of fumaric acid and 5 g. of ice is 
placed in a heavy-walled, heat-resistant flask. The flask is then 
placed in a cooling bath of solid carbon dioxide and ether, and an 
excess of chlorine is passed through the reaction mixture, being fed 
in a strong stream into the flask at or below the level of the cooling 
fluid. Practically all the chlorine condenses to a liquid within the 
flask. The reaction mixture is then exposed to bright sunlight for 4 
days, while being agitated vigorously. The excess of chlorine is 
blown out of the flask after the contents have been cooled in an ice- 
salt mixture, and the mushy product is transferred to a filter and 
sucked free of liquid. What remains in the filtrate is then extracted 
with ether, and the combined recovery of dichlorosuccinic acid is 
recrystallized from water. The total yield in this way is practically 
quantitative. 
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HALOMALEIC ANHYDRIDES 


X— C~ 
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Chloromaleic Anhydride 


The barium chloride in this preparation serves as a dehydrochlorin- 
ating agent. It has no effect on the rate of chlorination. Benzoic 
anhydride, phthalic anhydride, or benzoyl peroxide may be used also 
for the same purpose. 

Pure chloromaleic anhydride is a solid at ordinary temperatures, 
melting at 33° to a liquid that boils at 196.3°. 

Use. The dialkyl esters of this anhydride copolymerize with 1,3- 
butadiene to give valuable synthetic rubbers. 

Chloromaleic anhydride is itself also a valuable reagent in many 
organic syntheses. With conjugated drying oils, it gives infusible sol- 
uble resins. With substituted propenylbenzenes, this anhydride yields 
a substituted dihydronaphthalenedicarboxylic anhydride. With con- 
jugated dienes, and cyclic hydrocarbons such as anthracene, it gives 
chlorinated Diels-Alder type of adducts. In the presence of sodium 
alkoxides, however, chloromaleic esters condense with keto esters, 
malonates, and substituted phenols to yield derivatives of maleic acid 
by splitting off sodium chloride without affecting the unsaturation. 
Thus diethyl chlorofumarate and ethyl acetoacetate form triethyl 
acetoaconitate. This product reacts with concentrated ammonia to 
give l,2,3,4-tetrahydro-3-hydroxy-6-methyl-2-oxocinchoraeric acid. 

Halomaleic esters react with ammonia to form aminomaleimides, 
halomaleamic acids, and aminomaleamides. Aniline yields halomalea- 
nilic acids, a-anilino-N-phenylmaleimide, and a-anilinofumaramides. 
Phenylhydrazine gives phenylhydrazonosuccinamide. 

Chloromaleic acid reacts with chlorine in the presence of a small 
amount of water to produce a,a,^-trichlorosuccinic acid. Cements and 
adhesives may be had from condensation of the acid with glycerol or 
polyamines. 
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Procedure. A mixture of 306 g. of maleic anhydride, 6 g. of barium 
chloride, and 6 g. of anhydrous aluminum chloride is heated to 140 to 
150° and then treated with chlorine at this temperature, with vigorous 
agitation, for 8 hours. The reaction mixture is then distilled under 
partial vacuum, and the portion is collected that boils at 97 to 103° 
under 35 mm. of pressure. An excellent yield of chloromaleic anhy- 
dride is obtained in this manner. 

The anhydride may also be prepared under similar conditions with- 
out the use of barium chloride. In this case, nearly 24 hours is 
required instead of 8 for the gain in weight to equal that calculated 
for the necessary conversion to the monochloromaleic anhydride. The 
technical product obtained in this preparation has a slightly narrower 
boiling range of b^o 111-114°. 
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HALOSUCCINIC ACIDS 


Chlorosuccinic Acid 

Other halosuccinic acids may be prepared in similar manner to that 
given on the opposite page for chlorosuccinic acid. Bromosuccinic 
acid, for example, has been prepared by using fuming hydrobromic 
acid at 100°. Fittig claimed to have obtained complete conversion 
under these conditions, but Dunn and Fox report poor yields, not only 
for this but also for other methods. 

When recrystallized from water or acetic acid, chlorosuccinic acid 
melts at 151.5 to 152°. It is very soluble in water and hot acetic 
acid. It is only slightly soluble in cold acetic acid, however, and very 
slightly soluble in chloroform. 

Use. Halosuccinic acids are convenient starting substances for syn- 
thesizing a number of compounds. They are used, for instance, in 
the preparation of mercaptosuccinic acid, which is employed for making 
the medicinal, aurothiomalic acid. Ethylmercaptosuccinic acid can 
be prepared in a similar manner. It can be oxidized to ethylsulfonyl- 
succinic acid, which in turn can be converted to ^-bromo-/?-ethylsul- 
fonylpropionic acid. The halogen group of the halosuccinic acid can 
also be readily replaced by an xantho group or by an iodo group. 
Ethyl iodosuccinate reacts with benzophene and zinc to give ethyl 
y,y-diphenylparaconate. With aqueous ammonia, bromosuccinic acid 
forms ^-malamic acid. 

Halosuccinic acids also readily undergo condensation in the presence 
of sodium ethoxide. Ethyl 2-oxocyclopentanecarboxylate reacts with 
diethyl bromosuccinate, for example, to produce l-carboxy-2-oxo-l- 
cyclopentylsuccinic acid. 
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Procedure, A convenient quantity of fumaric acid is placed in a 
flask and cooled to 0°. An excess of a saturated solution of hydrogen 
chloride in acetic acid is added and the mixture is heated on a water 
bath for 12 to 14 hours, with constant agitation. Part of the chloro- 
succinic acid that is formed separates when the solution is cooled. 
This is removed, and the mother liquor is then evaporated under re- 
duced pressure to incipient crystallization in order to recover the 
- remainder of the product. 

The acid may also be prepared from malic acid. 
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EPOXYSUCCINIC ACID 


dl- trans-o;, jS-Epoxysuccinic Acid 

The preparation as described here yields dZ-^mns-a,^-epoxysuccinic 
acid. This acid can be readily resolved into its optical isomers. 
Fumaric acid when substituted for maleic acid in the reaction gives a 
72% yield of a mixture of the dUtrans-Sicid and the cis-acid. The 
latter acid comprises only 27% of the mixture. Upon hydrolysis, the 
dUtrans-2icid yields a mixture of 37% dl-tartaric acid and 63% of 
meso-tartaric acid. 

The di-trans-a, /3-epoxysuccinic acid melts at 209° ; the d- and the 
I-acids melt at 180°. A mixture of equal quantities of the optically 
active acids has the same melting point as the racemic acid. The 
cts-acid melts at 149°. No success has been had in resolving it into 
its active isomers. 

Use. Little study has been given to the reactions of this acid. It 
should be an interesting reagent, since it contains the ethylene oxide 
grouping. 
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Procedure. A solution containing 80 g. of maleic acid in 1 liter 
of water is neutralized with 55.2 g. of sodium hydroxide in a 20-liter 
flask. To this is added a solution of 63 g. of chlorine in 11 liters of 
water. The flask then is sealed with a rubber stopper and permitted 
to stand for 22 hours. A glass stopper should be avoided. The reac- 
tion mixture is then treated with 60 g. of sodium hydroxide, and, 
upon further standing for 2 days, 170 g. of barium chloride hydrate 
is added. This causes 105 g. of the barium salt of c?J-^mns-a,/?-expoxy- 
succinic acid to precipitate. Twenty grams of sodium hydroxide is 
then added to the mother liquor, and an additional 45 g. of the barium 
salt is obtained upon standing several days. The combined product 
is then decomposed with sulfuric acid in the usual manner. The yield 
is 75% of theory. An ether extraction of the mother liquor yields 
only small amounts of impure cis-a,)8-epoxysuccinic acid. 
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HALOHYDROXYSUCCINIC ACIDS 


trans-jS-Chloromalic Acid 
(a-Chloro-/3-hydroxy8uccinic Acid ) 

Maleic acid when treated with hypochlorous acid in absence of 
excess caustic yields exclusively the ^ran^-chloromalic acid, whereas 
fumaric acid gives a mixture of 80% of the trans-Sicid and 20% of the 
cis-acid. It should be possible to resolve both of these acids into 
optical isomers, yielding a total of four optically active acids. 

These acids can also be prepared in very high yields by treating the 
respective epoxysuccinic acids with concentrated hydrochloric acid 
at 0°. The yield of cis-acid, for example, is 95% by this method. 
Other halomalic acids can be prepared in a similar manner. 

^ran^-Chloromalic acid occurs as a crystalline solid that melts at 
146°. The C 2 s-acid melts at 153.5°. 

Use. These acids are valuable starting materials for the synthesis 
of several compounds. When treated with concentrated ammonium 
hydroxide, for example, they yield the various isomers of ^-hydroxyas- 
partic acid. 
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HOCl 


OXYHALO ACIDS II 


Hypochlorous Acid 


0 

H H 11 
0 C— C— ONa 

O-C-ONa 

” A 


0 

HO— C— S— OH 
Cl— I:;— c— OH 
“ & 


Hypochlorous + Sodium 
acid maleate 


<ron8-/S-Chloromalic 

acid 


Procedure. A suspension of 110 g. of maleic acid in water is neu- 
tralized with sodium hydroxide. This is then diluted to a 1% solution 
with ice water, and a few milliliters of it are poured rapidly into a 
20-liter bottle filled with chlorine. The chlorine bottle is closed 
quickly with a stopper carrying a rubber tube, which is dipped into 
the remainder of the maleate solution. Chlorine is rapidly absorbed 
when the bottle is shaken, causing the rest of the maleate solution to 
be drawn into the bottle. The reaction mixture is allowed to stand 
overnight, when it is neutralized by adding one-half the amount of 
sodium hydroxide originally required for neutralization of the acid. 
Two and one-half equivalents of barium chloride are added next, and 
the whole is shaken for half an hour. After standing, the easily filtered 
precipitate is removed. It is washed with water, air-dried, and crushed. 
This material is then placed in a thick-walled bottle, covered with 
ether, and shaken with small additions of concentrated hydrochloric 
acid until there is a 10% excess, care being taken to cool the solution 
between additions. After separating the ether layer, the aqueous one 
is extracted five times with fresh portions of ether. The combined 
extracts are allowed to evaporate after washing with a few drops 
of water. Chlororaalic acid is thus obtained as an oil, but it quickly 
solidifies to a solid crystalline mass. The yield is 40 to 50%. The 
filtrates contain 20 to 25% of epoxysuccinic acid {q.v.) 


References 

Dakin, H. D., J. Biol. Chem. 48, 279 (1921). C/.; 

Kuhn, R., and Ebel, F., Ber. 58B, 919 (1925). 

Lessen, W., Schdrk, W., and Niehrenheim, M., Ann. 348, 273 (1906). 

Timmermans, J., and Jaffe, J., Bull, aoc, chim. Belg. 46, 471 (1937). 

Timmermans, J., van Lancker, T., and Jaffe, J., Bull. soc. chim. Bdg. 48, 33 (1939). 
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H 

RCH=CH— R'— 911 (0H)2 ALKEN YLSUCCINIC ACIDS 


Decenylsuccinic Acid 

This is an industrial type of preparation employing practical grades 
of reagents such as are used in the manufacture of certain types of 
chemical products. The decyl chloride employed here is a mixture of 
similar chlorides, since it is prepared from a petroleum distillate. 
Even very narrow fractions of petroleum products consist of a mixture 
of isomeric hydrocarbons. The use of such chlorides causes no diflS- 
culty when the product is to be used for purposes such as those 
suggested below. For most industrial uses, the extra cost of starting 
with a pure chloride would not be warranted. For the same reason, 
no attempt is made to isolate and characterize the individual isomeric 
decenylsuccinic acids of which the product is undoubtedly composed. 
Often such mixtures of similar compounds have characteristics superior 
to those of their individual constituents for many practical uses. 

There is no reason to believe, however, that this method could not 
be employed to produce a pure decenylsuccinic acid, if the starting 
chloride were an individual compound. It shows that alkyl chlorides 
do not have to be converted to olefins {q^v.) to obtain alkenylsuccinic 
acids from maleic anhydride. 

Almost any alkyl chloride or mixture of them may be used in this 
preparation. When the chloride has a low boiling point, it is best to 
add a higher-boiling inert solvent, or 1 to 5% of a catalyst such as 
aluminum chloride, zinc chloride, or the like. It is also well to use 
underchlorinated hydrocarbons, even if it requires steam distillation 
to remove the unchlorinated material. 

The product obtained in this preparation is a dark gummy mass. 
Neutral salt solutions of any desired concentration can be obtained 
by titrating a suspension of it with a solution of alkali. 

Use. These salt solutions have wetting, emulsifying, and washing 
properties if the alkenyl groups contain five to twelve carbons. 
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RCl 


ALKYL CHLORIDES 


Decyl Chloride Mixture 


H CHo H, 

ii,A-c-c— c- 


(See note) 
Decyl chloride 




H H 
C-C, 

I > 

C“C 

+ Maleic 
anhydride 


H2O . 


H CH3 
Hj3Ce-C=C- 


llj H V 
-C-C-C-OH 

hI-c-oh 

H 1 


Decenylsuccinic acid 


Procedure. Thirty-five and three-tenths grams of decyl chloride 
prepared by chlorinating a suitable petroleum fraction is refluxed with 
20 g. of maleic anhydride for 50 hours at 178°. Hydrogen chloride 
begins to be evolved when the temperature reaches 170°, and has prac- 
tically ceased by the end of the heating period. A 5% solution of 
sodium hydroxide is added to render the reaction mixture alkaline. 
A light oily layer separates and is removed. The remaining aqueous 
solution is made acid to Congo red with 10% hydrochloric acid, which 
causes the decenylsuccinic acids to precipitate. These acids are re- 
moved by filtration, and both the product and the aqueous layer are 
then extracted with chloroform. Whereupon, evaporation of the 
chloroform solution gives a yield equivalent to 85% of the theoretical 
amount of decenylsuccinic acids. 


Reference 

Kyrides, L. P., U.S. 2,360,426 (Oct. 17, 1945). 

The above formula is representative of the mixture. 

Note, This single isomer is used purely to illustrate the general type of reaction. 
Similar reactions occur with each of the other isomers. 
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1-PHENYLNAPHTHALENEDICARBOXYLIC 

ANHYDRIDES 


l-Phenyl-3,4-naphthalenedicarboxylic Anhydride 


Only in a comparatively limited number of cases have compounds containing 
halogens been successfully employed in Diels-Alder syntheses. In many of the 
reactions studied, the hydrogen halide is split off during the preparation, giving 
adducts that are more unsaturated than those obtained with the corresponding 
hydrocarbons, as is the case in this instance. 

The particular reaction shown on the opposite page, however, undoubtedly 
may take place in two stages, with the hydrogen bromide being evolved and 
autooxidation occurring during the sublimation of the reaction product. The 
initial amorphous material contains bromine and probably two moles of maleic 
anhydride, as there is no reason to believe that diarylvinyl halides would react 
differently from diarylvinyl compounds in general. See, for example, the 
reaction of l-phenyl-l-(3,4-dimethoxyphenyl)ethylene with maleic anhydride. 
1, 1-Diary 1-2,2-dihalogenoethylenes and o^-bromostyrene, in contrast, do not 
react with maleic anhydride. 

l-Chloro-3-methyl-l,3-butadiene and l-chloro-3-methyl-l,3-pentadiene add 
maleic anhydride, with a loss of hydrogen chloride, to give products that yield 
upon hydrolysis a mixture of acids. The former adds both one and two moles 
of maleic anhydride. In general, only acyclic dienes containing a single halogen 
in the 3-position (>C=CC1 — C==C<) add dienophiles as readily as do the 

parent hydrocarbons. The highly reactive hexachloropentadiene adds maleic 
anhydride without loss of halogen. Derivatives of hexachlorocyclopentadiene, 
in which the allylic chlorine atoms are replaced by alkoxy groups, react similarly. 
This reactivity is attributed to their cis-butenoid configuration. Octachloro- 
5-ethylidenecyclopentadiene and its isomers do not react with maleic anhy- 
dride under ordinary conditions. 

Chloromaleic anhydride when used as a dienophile yields derivatives of 
maleic anhydride through the loss of hydrogen chloride. 

l-Phenyl-3,4-naphthalenedicarboxylic anhydride occurs as clusters of needles 
when crystallized from ligroin (b.p. 130®). These needles melt at 172®. 

Use. These reactions are a convenient means for producing certain sub- 
stituted cyclic carboxylic acids and their decarboxylated products. 
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Ar'H 

ArC=CX 


DIARYLVINYL HAUDES 


2-Broino-l,l-diphenylethylene 

(Diphenylvinyl Bromide) 




2-Bromo-l,l“di- 



+ Oxygen 


l-Phenyl-3,4-naphtha- 

lenedicarboxylic 

anhydride 


Procedure. A dark brown reaction mass is obtained when a mixture of 1 g. 
of 2-bromo-l,l-diphenylethylene and ten equivalents or 4 g. of maleic anhydride 
is allowed to react, upon heating for 4 hours at 160 to 180°. This dark brown, 
product is broken up by dissolving it in alcohol and precipitating with water. 
The precipitate is separated, thoroughly dried, and then sublimed at 270 to 
340°, under 2 mm. of pressure. The sublimate is finally purified by triturating 
it with ethanol, followed by crystallization from ligroin. The yield is 400 mg. 
or 38% of theory. 
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9n(NHAr)2 HOPOCl 2 DICHLOROPHOSPHATES OF THE 

DIANILIDE 


Maleanilide Dichlorophosphate 

This preparation is interesting in that it would indicate that even at 
100® dichlorophosphoric acid or phosphoryl chloride shows no evidence 
of adding to the unsaturated bond of maleyl compounds. The maleani- 
lidium dichlorophosphate when treated with cold water is almost quan- 
titatively hydrolyzed to maleanilide, phosphoric acid, and hydrochloric 
acid. If addition had occurred at the unsaturated bond, hydrolysis 
should have produced the anilide of malic acid. Instead the only 
other compound found to be formed by reaction with phosphoryl 
chloride is a small amount of a-chloro-N-phenylsuccimide (m.p. 118 
to 90®), which can be isolated from the original mother liquor. This 
is undoubtedly produced by the hydrogen chloride splitting off during 
the reaction. 

Maleanilidium dichlorophosphate is very unstable. Upon being 
heated rapidly, it decomposes at 142®, at which temperature it turns 
brown. The maleanilide formed upon hydrolysis varies in melting 
point, depending upon the conditions under which the melting point 
is determined, since at the fusion temperature it is converted in part 
to the isomeric fumaranilide. Heated rapidly, it melts at 175®. In 
the third edition of Bielstein^s Organischen Chemie this compound is 
listed both as maleanilide and as phenylaspartanil. When heated with 
hydrochloric acid it produces N-phenylmaleimide (m.p. 90 to 91®) and 
anilinium chloride. 
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POCU 


OXYCHLORIDES 


Phosphoryl Chloride 



Maleanilic acid + Phosphoryl 
chloride + Water 


o 

H II H 
C-C-NQH. 
II ® ' 

II 

c-c-Naii, 

o 


0 


P-0 

C12 


Maleanilide dichloro- 
phosphate 


Procedure. A mixture of 19 g. of maleanilic acid and 115 g. of 
phosphoryl chloride is carefully heated at 100° in a hood, and held 
at this temperature for several minutes, until all the maleanilic acid 
is dissolved in the oxychloride. The reaction mixture is then cooled 
and is diluted with carbon disulfide, whereupon yellow needles of the 
product are deposited. These are separated, washed with ether, and 
then dried over concentrated sulfuric acid. 

References 

van Dorp, W. A., and van Haarst, P. M., Rcc. trav. chim. 19, 311 (1900). Cf.\ 

Anschutz, R., and Wirtz, Q., Ann. 239, 1.37 (1887). 
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CHLORO ACID IMIDES 


H 

019)1 > NR 


a-Chloro-N -phenylsuccinimide 
(a-Chlorosuccinanil ) 


This preparation is another example of the failure of acid chlorides 
to add to the C:C unsaturated bond of maleyl compounds. (C/. Reac- 
tion of Phosphoryl Chloride.) Here a-chloro-N-phenylsuccinimide is 
the usual product of the reaction. At elevated temperatures even the 
hydrogen chloride that is evolved during the reaction fails to add to 
the ethylene group. (See N-Phenylmaleimide Preparation.) Under 
such conditions, the acetyl chloride acts only as a dehydrating agent 
leading to ring closure. 

a-Chloro-N-phenylsuccinimide is a colorless crystalline compound 
melting at 117 to US'" or 118 to 119°. 

Use. Its structure suggests that it should be an interesting reactant 
for chemical synthesis. 
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RCOCl 


ACID CHLORIDES I 


Acetyl Chloride 




Acetyl chloride + Maleanilic 
acid 


a-Chloro-N-phenyl- 

Buccinimide 


Procedure. A mixture of 19 g. of maleanilic acid and an excess of 
acetyl chloride are digested for 45 minutes. The reaction mixture is 
then cooled and diluted with benzene or ligroin, which causes the 
a-chloro-N-phenyl-succinimide to precipitate as fine needles. These 
are recovered and dried in the usual manner. 

Referenceg 

von Auwers, K., Ann, 309, 347 (1899). C/.: 

Giustiniani, E., Gazz, chim, ital. 28 (II), 191 (1898). 
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9IIC12 


ACID CHLORIDES 


Fumaryl Chloride 

Fumaryl chloride has been prepared by a number of other different 
methods, for example, by the reaction of thionyl chloride with fumaric 
acid and of phosphorus pentachloride with maleic acid or anhydride. 
However, none of these methods has given as good yields as either the 
one described here or the reaction of phthalyl chloride with maleic 
anhydride in the presence of zinc chloride. When maleic acid is 
allowed to react with phthalyl chloride, large amounts of maleic 
anhydride are formed that do not react with the acid chloride except 
in the presence of a catalyst. In consequence, only very poor yields 
of fumaryl chloride are obtained. 

Maleyl chloride, the optical isomer, is unknown, but under proper 
conditions maleic acid may be caused to react with phosphorus penta- 
chloride to give the isomeric dichloride, y,y-dichloro-y-hydroxyisocro- 
tonic lactone {q.v,). This compound isomerizes slowly to fumaryl 
chloride. 

Fumaryl chloride is a liquid that boils at 161 to 164° (60° at 
16 mm.). It has the following densities at different temperatures: 
d\l 1.4202, dig 1.4149 and dll 1.4095. 

Use, It is a valuable intermediate in the preparation of a number 
of derivatives of fumaric acid, as, for example, fumaryl peroxide, 
fumaryl bisaspartic acid, bis (4-phenoxybenzoyl) ethylene, and other 
substituted dibenzoylethylenes {q,v.). 
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Ar(C0Cl)2 


ACID CHLORIDES II 


Phthalyl Chloride 



Fumaric + Phthalyl Fumaryl Phthalic 

acid chloride >> chloride + anhydride 


Procedure. A mixture of 48 g. of fumaric acid and 184 g. of 
phthalyl chloride is heated cautiously in a hood to about 120®. At 
this point the fumaric acid begins to dissolve slowly in the acid chloride 
with a copious evolution of fumes of hydrogen chloride. The tempera- 
ture is then gradually raised to 160® and held at this temperature 
until the amount of gas emitted is greatly diminished. The reaction 
mixture is then fractionally distilled at ordinary pressures. The 
amount of fumaryl chloride formed is practically equivalent to the 
amount of fumaric acid in the original mixture. Only a very small 
amount of maleic anhydride is formed as the other product of fumaric 
acid. 


References 
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HCCO asym XCID CHLORIDES 



HCCI 2 


7,Y-Dichloro-‘Y-hydroxyi8ocrotonic Lactone 
(5)3-Dichloro-2,5-dihydro-2*oxofuran or Malein Chloride) 

This unsymmetrical maleyl chloride is relatively unstable. It 
readily rearranges to fumaryl chloride, ‘even upon standing for several 
days at room temperature. When the product is distilled at 24 mm. 
instead of 11 mm. pressure, it partially decomposes into maleic anhy- 
dride and fumaryl chloride. This mixture is very difficult to separate. 
The lactone has not been prepared from maleic anhydride nor from 
maleic acid with other acid chlorides. 

The usual method for preparing chlorides of a similar structure is to 
heat the symmetrical acid chlorides with aluminum chloride. This is 
the method that has been used in the preparation of ast/m-o-phthalyl 
chloride, a-bromomaleyl chloride and a,jS-dibromomaleyl chloride. 
When fumaryl chloride, however, is treated with aluminum chloride, 
only very small amounts of the asymmetric chloride are obtained. 
The major products of the reaction are carbon monoxide and hydrogen 
chloride. 

These asymmetric chlorides markedly differ from the symmetrical 
acid chlorides in their slower rate of reaction, the type of products 
formed, their effect upon hydrogen catalysts, the color of metal com- 
plexes with aluminum chloride, and their dimorphism. The last prop- 
erty is characteristic of lactones in general. 

y,y-Dichloro-y-hydroxyisocrotonic lactone boils at 70 to 71° under 
11 mm. pressure, according to Anschutz and Wirtz. Lutz obtained a 
redistilled product boiling at 65° under 2 mm. by the same method. 

Use. It may be used for preparing y-hydroxy-y,y-diphenylcrotonic 
acid by allowing it to react with benzene in the presence of aluminum 
chloride. as^m-a,/8-Dibromomaleyl chloride under similar conditions 
produces 2-bromo-l,l-diphenyl-3-indenecarboxylic acid, through loss of 
hydrogen bromide, which results in the cyclization. 
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PHOSPHORUS CHLORIDES 


PCI5 


Phosphorus Pentachloride 



II r-i 

c-IohI-» p-ci 

I — ^ \ 

I '^Cl Cl 

HC==CH 


Maleic acid + 


Phosphorus 

cliloride 


A /'=' 

o=c c 

I I Cl 

HC====CH 

7,7-Dichloro-7- 

hydroxyieoorotoniic 

lactone 




HO^ Cl 

HO-P-Cl 

I 

Cl 

Triohlorophos- 
phorio acid 


Procedure. A mixture of 38.6 g. of maleic acid and 69 g. of phos- 
phorus pentachloride is placed in a 250-ml. Claisen distilling flask in 
a hood and the flask is connected to a highly efficient pump. The 
products are then distilled from the reaction mixture, not allowing 
the pressure to exceed 11 mm. The product is redistilled at a pressure 
of approximately 2 mm. 
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(X3C)29ll(OR)2 


BIS (TRIHALOMETHYL) SUCCINATES 


Diethyl (trichloromethyl) succinate 

Diethyl a,^-bis (trichloromethyl) succinate is one of the products 
formed when diethyl maleate is allowed to react in the presence of 
large amounts of benzoyl peroxide in carbon tetrachloride. Chloroben- 
zene and hexachloroethane are also found in the volatile portion of 
the products. This reaction is similar in several respects to that of 
hexaphenylethane (page 23) and to that of maleates with benzoyl 
peroxides in the absence of a solvent (page 209) . 

An excess of carbon tetrachloride such as used here apparently is 
needed in order to obtain any appreciable yield of a,^-bis (trichloro- 
methyl) succinate; but it is questionable whether so large an excess 
of peroxide is required for the formation of such polychloro compounds, 
judging from analogous reactions of ethylene compounds in carbon 
tetrachloride where benzoyl peroxide is used as the catalyst. 

Should conditions be found for increasing the yields, this method 
would offer a most convenient procedure for adding various groups 
derived from solvents to the ethylene bond of maleic compounds. 
Dimethyl dioxanylsuccinate, for example, has been identified as one 
of the products of the reaction of dimethyl maleate with benzoyl 
peroxide in dioxane. 

Diethyl a,^-bis (trichloromethyl) succinate is obtained as colorless 
needles that melt at 93.5 to 94.5°. The acid melts at 183 to 184.5°, 
and the anhydride at 117 to 118.5°. The diethyl ester, when refluxed 
12 hours with a 20% potassium hydroxide solution, presumably loses 
two moles of hydrogen chloride to produce what is apparently a,^- 
bis(dichloromethylene) succinic acid. This product occurs as colorless 
cubes that melt at 219°. 
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CHLORINATED SOLVENTS 


Carbon Tetrachloride 


H 0 

(*)— (¥;oc,H6 

+ IL 

{>-C0C2H5 


H 0 

CliC— (^— (loCjHs 

ci,c— (t:— coCjH, 

CC14 

(H6C4COt)> 

Carbon 

tetrachloride 

II 1) 

+ Diethyl maleate 

-> 

k 1) 

Diethyl a,/9-bi8(tri- 
chloromethyl)8ucoinate 


Procedure. A solution of 109 g. of benzoyl peroxide and 172 g. 
of diethyl maleate in 1200 ml. of carbon tetrachloride is refluxed for 
36 hours. The residue obtained upon removal of the solvent is ex- 
tracted with ether. The extract is washed with a sodium bicarbonate 
solution, dried, and then fractionally distilled with the aid of reduced 
pressure. This yields a total of 87 g. of liquid products boiling up to 
200° under 1 mm. pressure and 131 g. of dark non-volatile resin. 
Crystals separate from fraction boiling at 130 to 150°. These 
are separated, sublimed under reduced pressure, and recrystallized 
from 50% ethanol to give pure diethyl a,^-bis(trichloromethyl) suc- 
cinate. 


References 
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CHAPTER 


5 


Hydrogen 


The size of this chapter should in no manner detract from its im- 
portance, since the single example given is a typical one for a large 
number of compounds containing the unsaturated malcyl group. This 
reaction with hydrogen is another example of the ease with which 
many different reagents add to the carbon-carbon double bond of 
raaleyl compounds. In this instance, the reaction may be carried out 
under a variety of different conditions with excellent yields. Even a 
mild reducing agent, such as zinc and sulfuric acid, may be employed 
as the source for the hydrogen. 

In most cases, these reductions apparently involve only the simple 
addition of hydrogen atoms to the carbons of the ethylenic double 
bond of the maleyl compound. However, this cannot be true for all 
such reactions, as indicated by the studies of Ott, and of Lutz and 
co-workers. It is possible, as postulated by Conant and Lutz, that 
during the reduction of maleates to succinates under certain conditions, 
hydrogen first adds to the carbonyls of the conjugated maleyl grouping 
to give a dienol that isomerizes irreversibly by a shift of hydrogens to 
the stable keto form of succinic acid, viz., 

0==C(OH)— CH=CH— C(0H)=0 + 2H^ 

1 2 3 4 5 6 

HO— C(OH)=CH— CH=C(OH)OH — > 
0=C(OH)— CH 2 — CH 2 — C(0H)=0 

The initial addition of hydrogen to the carbonyl groups is assumed 
to occur as a reversible reaction. It can take place as a 1,2-, as a 1,4- 
or, as shown, as a 1,6-addition similar to that of Grignard reagents 
described in Chapter 4. For example, such type of addition would 
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readily account for the apparent oxidation-reduction potential observed 
in the hydrogenation of fumaric acid, for the varying proportions of 
isomers obtained in hydrogenating sodium dimethylmaleate under dif- 
ferent conditions, and for the dimeric and cyclic compounds obtained 
from diaroylethylenes under certain conditions. 

Both succinic acid and its anhydride are produced commercially in 
this country by the hydrogenation of maleic anhydride. Many impor- 
tant chemicals can be prepared from them, as can be seen on the 
following page. 

Probably the most interesting reactions of succinic acid are those 
involving its methylene groups. The ease with which the hydrogens 
may be replaced from these two groups may be due to their juxta- 
position to its carbonyl groups. Esters of succinic acid, for example, 
are unusual in their strong tendency to undergo aldol condensation 
with ketones to produce itaconic acids, methylenesuccinic acids. This 
reaction is known as the Stobbe condensation. The failure of diethyl 
malonate to condense in a similar manner, even though it contains a 
more reactive methylene group, would indicate that this type of 
reaction involves more than the reactivity of the methylene groups 
alone. Paraconic acids are possibly first formed as intermediates in 
the production of itaconic acids. They are the usual products of 
reaction with aldehydes. 

The recent preparation of several methylbenz [a] anthracenes for 
physiological studies is a typical example of how reactions of succinic 
acid can be employed in a series of syntheses leading to products of 
a particular interest. 
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H2911>0 


SATURATED ACIDS 


Succinic Acid 

Pure succinic acid consists of colorless monoclinic crystals with a 
d\^ of 1.564. When pure, it melts at 189 to 190°. The commercial 
practical grade consists of crystals that melt at 186 to 188°. The 
anhydride melts at 119.6° to give a liquid that boils at 261°. The 
acid is soluble in water and alcohol, only slightly soluble in ether, 
and practically insoluble in benzene and chloroform. 

Uses. Succinic acid is the starting material for the synthesis of a 
large number of very useful substances. Its esters have been employed 
as plasticizers for adhesives, vinyl plastics, rubber, and lacquers; as 
ingredients in bitumen products; as additives in lubricating and cut- 
ting oils; as perfumes; as water-repellent agents; and as aids in the 
dyeing of vinyl yarns. The succinyl peroxide and N-chlorosuccinimide 
derivatives are powerful germicides. The succinyl peroxide has been 
suggested for the bleaching of food products; and the N-chlorosuccinim- 
ide is used in the purification of drinking water. N-Bromosuccin- 
imide is employed as a brominating agent, particularly where it is 
desired to introduce bromine into unsaturated compounds without 
affecting the double bond. (See Djerassi.) Several oil-soluble dyes, 
alkyd resins, ester-type elastomers, sulfa-drugs, arsenicals, other phar- 
maceuticals, synthetic musks, detergents, and wetting agents also 
depend upon succinic acid for their manufacture. 

Succinic acid may be used as a reagent in photographic processes 
and in chemical analysis. 

A wide variety of other chemicals can also be prepared starting 
with this acid. They include, for example, succinosuccinic esters; 
acetonediacetic anhydride; aroylpropionic acids; substituted itaconic 
acids; paraconic acids; fulgides; 4-(p-methoxyphenyl)-3-butenoic 
acids ; l,8-diphenyl-l,3,5,7-octatetraene ; 3,3'-dicoumarin ; pyrocin- 
chonic anhydride; ethyl formylsuccinate; levulinic acid; 3-acetyl -2 ,5- 
dimethylfuran ; 2- ( alky Imercapto) thiophenes ; a,j3-dichloromaleimide ; 
5-hydroxy-6-methylcinchomeronic acid ; N-p-phenetylsuccinimide ; 
2-alkylbutadienes ; 8,9,1 1-trimethylbenz [a] anthracene ; methyl 2,5- 
dioxo-l-pyrrolidene acetate; and equilein. 
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Hydrogen 
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H IL 
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A 

Hydrogen 

+ 
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maleate 


Succinic 

acid 


Procedure. A solution containing 25 g. of sodium hydroxide in 
100 ml. of water is placed in a 325-ml. autoclave. To this is added 
58 g. of maleic acid and, when dissolved, 5 to 8 g. of Raney nickel 
catalyst. Hydrogenation is then carried out with proper precautions 
at 2500 lb. per sq. in. and at 100°. Upon completion, the catalyst is 
removed by filtration, the filtrate acidified and evaporated to dryness 
under reduced pressure. The product is purified by extraction with 
absolute alcohol and recrystallization from water. The yield is 98 % 
of theory. 

The above reaction may be carried out at ordinary temperatures, 
if a palladium catalyst is used. Reduction with zinc and sulfuric acid 
is also practical. 
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CHAPTER 


4 


Metallic Compounds 


The reactions between organometal compounds and maleic deriva- 
tives, as described in this chapter, comprise three general classes of 
preparations, namely: 

(1) Reactions that give final products that contain the metal bound 
to one or both of the carbons of the maleyl group. 

(2) Reactions involving the use of a metal compound or salt that 
for practical purposes serves as a catalyst, although it may form an 
essential complex or metal derivative with the substance reacting with 
the maleic derivative. 

(3) Grignard reactions where the metal is removed from the product 
by hydrolysis during the preparation. 

The first group of reactions includes those of maleic anhydride with 
mercuric acetate and with hexaphenyldilead. Both these reactants 
yield a,jS-disubstituted succinic acids. Mercuric acetate in aqueous 
solution, for example, yields the mercuric salt of ^-acetoxymercurimalic 
acid, whereas hexaphenyldilead produces the bis (tripheny Head) suc- 
cinic anhydride. The latter reactant, like hexaphenylethane, appar- 
ently dissociates into free radicals during the reaction. 

The second, by far the most important of the three groups of reac- 
tions, involves the use of such auxiliary substances as sodium alkoxides 
and anhydrous aluminum chloride, which are known in some cases 
to form definite metallo complexes with one of the reactants. Hence 
they have been included in this chapter rather than treated separately 
elsewhere. The reactions with sodium alkoxides are a very convenient 
means of causing a variety of substances to add to the ethylene bond 
of maleic derivatives. Examples given include the addition of alcohols, 
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j8-keto esters, malonates, and nitriles. Such reactions with kcto esters 
are known as Claisen syntheses, while those with malonates and 
nitriles are known as Michael syntheses. Some of these reactions can 
also be carried out in the presence of strongly alkaline catalysts other 
than sodium alkoxides, but the usual procedure is to add either metallic 
sodium to the reactant in the presence of an alcohol or a sodium 
alkoxide, before incorporating the maleyl compound in the reaction 
mixture as shown in the preparations selected. Reactions with nitro- 
paraffins and with potassium cyanide are included under nitrogen 
compounds, since they may be carried out under somewhat different 
conditions from those generally employed here. 

The third group is limited to the Grignard reactions. Seven examples 
illustrating the different end products that may be obtained from the 
Grignard synthesis are given. A variety of products may be formed 
by these reagents, depending upon the conditions, upon the proportions 
used, and upon whether the reagent adds to the maleyl group at the 
1,2- (5,^-) or 1,4- positions, namely: 


(1,2- Addition) 

OH 

1 HsO 

ClZnOC— CH=CH— C=-0 — > 0=C— C— CH==CH~C=0 + ClZnOH 
(1) 1(2) I 

CeHs OH 


i 




i 


H 


(1,4- Addition) HiO 

IZnO--C=CH— CH— C=0 — ^ 0=C--CH2— CH~-C==0 + IZnOH 

OH (*)H (*)H (*)H 

For example, phenylzinc chloride undergoes a 1,2-addition with maleic 
anhydride to produce ^-benzoylacrylic acid, but isopropylcadmium 
bromide adds to the 1,4-positions of maleates to yield the isopropyl- 
succinates. In a like manner, two moles of a Grignard reagent may 
produce either y-hydroxycrotonic acid as a result of a 1,2-1,2-addition, 
a y-ketopropionic acid from a 1,2-1,4-addition, or a diketoalkene from 
a 1,2-5,6-addition. An even greater number of compounds are theo- 
retically possible when larger amounts of Grignard reactant are em- 
ployed, as illustrated in some of the other examples given. There is 
also some evidence that a l,6-additi6n may occur to a limited extent 
under certain conditions. 
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H MERCURIMALIC ACID SALTS 

0 

AcHgOHOzHg 


Mercuric j^-Acetoxymercurimalate 

Maleic acid is the only maleyl compound that has been reported to 
react with mercuric acetate to form this type of product. Fumaric 
acid under identical conditions reacts by metathesis to yield only mer- 
curic fumarate. Apparently, the carboxyl group of the ^rans-configu- 
ration leads to a steric hindrance that prevents the large mercuric ion 
from reacting with the olefin bond of this acid. 

Mercuric yS-acetoxymercurimalate is a colorless solid that is insoluble 
in both water and alcohol. It dissolves in most of the acids but not 
in dilute acetic acid. It also dissolves in alkaline solutions but with 
the complete destruction of the addition compound, whereas a sodium 
chloride solution yields a mixture of disodium yS-chloromercurimalate, 
sodium acetate, and mercuric chloride. The latter solution is strongly 
acidic. Potassium iodide solutions, like those of alkalies, destroy the 
complex malate. 
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Hg(0Ac)2 


MERCURIC SALTS 


Mercuric Acetate 



Mercuric acetate + Water + Maleic acid >• Mercuric /9-acetoxymer- 

curimalate 


Procedure. A solution containing 5 g. of maleic acid in 40 ml. of 
water is added to one containing 20 g. of mercuric acetate in 60 ml. of 
water. A small amount of a yellow precipitate is formed, which is 
removed after adding acetic acid. The filtrate is diluted with water 
and heated upon a water bath. To this is added 4 g. of maleic acid 
in 40 ml. of water. Further heating produces a white, microcrystalline 
precipitate that increases in amount when the reaction mixture is 
allowed to cool. This precipitate is collected and thoroughly washed 
with very dilute acetic acid, then with pure water, followed by alcohol, 
and then ether. It is then air-dried. The initial washing must be 
carried out with acidulated water, since pure water causes a material 
to precipitate from the mother liquor that contaminates the product. 
The yield is 7.5 g. 

Reference 

Biilmann, E., Ber. 35, 2576 (1902). 
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(Ar3Pb)29ll(OH)2 a,^-BIS(TRIARYLLEAD)SUCCINIC 

ACIDS 

ajjS-Bis (triphenyllead)8uccinic Anhydride 

This reaction apparently is very similar to that of hexaphenylethane 
{q,v.). Leeper reports that it also occurs when a chloroform solution 
of the two reactants is allowed to stand for 5 months. 

The product does not melt below 330"^ but only darkens at 265 to 
270°. It is insoluble in acetone, dioxane, benzene, chloroform, carbon 
tetrachloride, and petroleum ether. It is only slightly soluble in boil- 
ing water but dissolves in glacial acetic acid. When refluxed with a 
10% solution of sodium hydroxide, it slowly forms a sodium salt that 
is also insoluble in water. 

In contrast, the salt, triphenyllead acid maleate, melts at 207°. 
This salt can be obtained from triphenyllead hydroxide and maleic 
anhydride. The neutral salt sinters at 189 to 199°. 
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(Ar3pb)2 


HEXAARYLLEADS 


Hexaphenyldilead 



H 0 

u 

\ 

H 0 

1 II 

(H6C6)3Pb-> 

(H,C,),Pb-C— 

•f 

0 

C) — c 

u 

(H,C.)iFb— C-C 

u 

(H6C6)8Pb-> 

Hexaphenyldilead + 

Maleic 

anhydride 

" ■ > a,/5-Bis(triphenyllead)- 

succinio anhydride 


Procedure, An equivalent amount of hexaphenyldilead is slowly 
added to molten maleic anhydride, and the product obtained is pro- 
gressively extracted with benzene, alcohol, water, and an aqueous 
solution of ammonium acetate to effect purification. 

Reference 

Leeper, R. W., Iowa State Coll. J. Sci. 18, 57 (1943). 
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H 

RO0R(OH)2 


ALKOXYSUCCINIC ACIDS 


Methoxysuccinic Acid 

Aliphatic alcohols of different chain lengths readily react with male- 
ates in the presence of metallic sodium or the sodium ethoxide to 
produce alkoxysuccinates. The procedure given is a general one. It 
can be used with both branched- and straight-chain monohydric alco- 
hols. To avoid the formation of a mixture of products, it is common 
practice to use the maleic esters and alcoholates derived from the same 
alcohol. Little, if any, fumaric acid is formed during these prepara- 
tions. The acid is obtained, as shown, through saponification of the 
alkoxysuccinate. 

Methoxysuccinic acid is a crystalline substance that nielts at 101 
to 103° when purified. The crude acid melts at 95 to 100°. 

Use. The long- chain alkoxy derivatives, such as decyloxy- and 
dodecyloxysuccinic acids, have been used as intermediates in the prep- 
aration of synthetic detergents. 

Alkoxysuccinic acids in general undergo many of the reactions of 
succinic acid {q.v .) , thus offering the same possibilities for the prepa- 
ration of useful compounds. 
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ALIPHATIC ALCOHOLS 
METAL DERIVATIVES 


Methanol 
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Diethyl maleate 
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Methoxysuocinio acid 


Procedure. To a methoxide solution, prepared by dissolving 3 g. 
of sodium in 30 g. of methanol, is carefully added 10 g. of diethyl 
maleate. Some heat is evolved. The solution becomes colored, and 
part of the product precipitates. The reaction mixture is then refluxed, 
whereupon more precipitate is formed as a result of some saponification 
of the methoxysuccinic ester. After refluxing, the solvent is removed 
by distillation, and the residue heated with a slight excess of a potas- 
sium hydroxide solution. The alkaline solution is then neutralized 
with hydrochloric acid, calcium chloride is added, and the solution is 
boiled. Crystalline calcium methoxysuccinate is precipitated. This 
is carefully decomposed with a little less than the calculated amount 
of sulfuric acid, and the mixture is extracted with alcohol. The extract 
yields a sirup upon evaporation. The sirup changes to a crystalline 
mass of crude acid upon standing in an evacuated desiccator, over 
sulfuric acid. 


References 

Purdie, T., J. Chem. Soc. 47, 855 (1885); 39, 344 (1881). Cf.: 
U. S. 2,377,246. 
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ALKENYLOXYSUCCINATES 


H 

RHC^CHCHsOQR (OCH 2 CH=CHR )2 


Diallyl AUyloxysuccinate 

Maleic esters undergo both addition and ester exchange with unsatu- 
rated alcohols in the presence of alkaline catalysts to yield the dialkenyl 
alkenyloxysuccinic esters. Containing three olefin groups, these prod- 
ucts readily polymerize in the presence of siccatives, such as cobalt 
and manganese linoleates. In this respect, they resemble the vegetable 
drying oils. 

The procedure appears to be a general one. Dimethallyl methallyl- 
oxysuccinates have also been prepared by it. If desired, the time of 
reaction can be shortened by using a high-boiling inert solvent to 
increase the reaction temperature. Continuous removal of the lower 
boiling alcohol that is formed assures complete conversion to the 
dialkenyl ester. 

Both diallyl allyloxysuccinate and dimethallyl methallyloxysuccinate 
are high-boiling liquids that cannot be distilled without change at 
ordinary pressures. The former boils under 4 mm. pressure at 124 
to 136°. The latter has a boiling point of 63 150-155°. 

Use. These unsaturated esters have been used as synthetic vehicles 
for paint and varnish and as plasticizers for lacquer. Products of 
similar structure have been valuable in the preparation of resins and 
of copolymers of various types. 
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RHC=CH— CHjOMet 


UNSATURATED ALCOHOLS 
METAL DERIVATIVES 


AUyl Alcohol 


H 
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CH, 


H,H 


AUyl alcohol 


Dimethyl maleate 


H HjH 

Diallyl allyloxysuooinate 


Procedure. A toluene solution of 144 g. of dimethyl maleate and 
58 g. of allyl alcohol is placed in a flask carrying a fractionating column 
and refluxed for 6 to 10 hours in the presence of a strongly alkaline 
catalyst, such as potash. The methanol that is formed is removed 
by distillation during the refluxing. Upon completion of the reaction, 
the solvent is distilled off and the product purified by fractionation 
under reduced pressure. 


Reference 

Rothrock, H. S., U.S. 2,346,612 (1944). 
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R'CO— CR— COjR" 


KETOTRICARBOXYLIC ESTERS 


H9ll(OR'") 


2 


Triethyl a-Acetotricarballylate 

Keto esters, such as acetoacetic ester and benzoylacetic ester and 
their homologs, readily combine with maleic esters in the presence 
of sodium alkoxides as shown by this preparation. Reaction takes 
place by the carbon adjacent to the carbonyl groups adding to the 
double bond of the maleate. The free acids can readily be obtained 
through saponification of the resulting esters. When maleic acid is 
employed in place of the maleates, a very poor yield is obtained. 
Chlorosuccinic esters, however, can be readily substituted for the 
maleic esters. 

Triethyl a-acetotricarballylate is a liquid that boils without decom- 
position at 187 to 189°, under 11 mm. pressure. 

Use. These products should form some interesting resins with poly- 
hydric alcohols and other resinifying substances, since they contain 
a keto and three carboxyl groups, which should impart a high degree 
of functionality to the reactants. 
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Procedure, Sixty-eight grams of dry sodium ethoxide is suspended 
in ether that has been freed of all traces of water and alcohol. To 
this solution is first added 118 g. of ethyl acetoacetate and then 172 g. 
diethyl fumarate. Considerable heat is evolved during the addition. 
The reaction mixture is allowed to stand for 12 to 14 hours and is 
then acidified with dilute sulfuric acid. This produces two layers. 
The ether layer is separated and shaken with a sodium carbonate 
solution, again separated, dried, and allowed to evaporate. The oily 
residue obtained is then fractionated under reduced pressure to obtain 
a relatively pure product. The yield of triethyl acetotricarballylate 
obtained in this manner is 75% of theory. 

References 

Ruhemann, S., and Browning, K. C., J. Chem. Soc. 73, 727 (1898). C/.: 

Emery, W. O., Ber. 23, 3757 (1890). 
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Brit. 594,182. 
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R H 

(R'02C)sC— 9R(0R")2 


TETRACARBOXYLIC ESTERS 


Tetraethyl 1,2,3,3-Pentanetetracarboxylate 

Malonic esters and their homologs readily condense with maleic 
esters in the presence of sodium ethoxide to yield the a,j8,y,y-tetracar- 
boxylic acids. The procedure is a general one for preparing both the 
aliphatic and the aromatic homologs. Dialkyl dibromosuccinates 
may be substituted for the maleic ester in these preparations. In like 
manner, the molecular compound obtained by treating dipropyl acetal 
with potassium hydroxide (Brit. 594,182) may be substituted for 
sodium ethoxide. 

Tetraethyl 1,2,3,3-pentanetetracarboxylate is a liquid that boils at 
197° under 13.5 mm. pressure. The 1,2,3-pentanetricarboxylic acid 
obtained upon saponifying it melts at 153° when pure. 

Use. Compounds of this general type have produced some inter- 
esting resins and plasticizers. 
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MALONIC ESTERS 
METAL DERIVATIVES 
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Tetraethyl 1,2,3,3-pentanetetra- 
carboxylate 


Procedure. A sodium ethoxide solution is prepared by dissolving 
2.1 g. of sodium in 25 g. of absolute alcohol. To this solution is care- 
fully added, at 20 to 50°, 17.5 g. of diethyl ethylmalonate and then 
16 g. of diethyl fumarate. The reaction mixture is allowed to stand 
for 12 hours. After this, most of the solvent is distilled off under 
reduced pressure, and the residue is treated with water in the usual 
manner. The aqueous mixture is shaken three times with fresh ether, 
and the combined extracts are washed first with dilute alkali and 
then with water. They are then dried and allowed to evaporate. 
The residue obtained is separated by distilling under reduced pres- 
sure. The major portion, boiling at 196 to 198° under 14 mm., is 
collected. It is redistilled at the same pressure to yield 20.6 g. or 
62% of the tetraethyl ester of 1,2,3,3-pentanetetracarboxylic acid. 

The 1,2,3-pentanetricarboxylic acid is obtained when this ester is 
hydrolyzed with twice the theoretical amount of concentrated hydro- 
chloric acid. It can be obtained pure by crystallizing thrice from hot 
acetic acid. 


References 

Michael, A., Rcr. 33, 3769 (1900). C/.: 

Duff, D. A., and Ingold, C. K., J, Chem, Soc. 1934. 87. 

Gardner, J. A., and Rydon, H. N,, J. Chem. Soc. 1938, 42. 

Ingold, C. K., J. Chem. Soc. 119, 329 (1921). 

Koelsch, C. F., J. Am. Chem. Soc. 65, 437 (1943). 

Malaohowski, R., Bilbel, E., and Bilidski-Tarasowicz, M., Ber., 69B, 1296 (1936) 
Michael, A., and Ross, J., J. Am. Chem, Soc, 52, 4698 (1930). 

Ruhemann, S., and Cunnington, A. V., J, Chem. Soc. 73, 1010 (1898). 

Rydon, H. N., /. Chem. Soc. 1935, 420. 

Brit. 694,182. 


71 



Ar 


CYANOMETHYLSUCCINATE 


I H 

NC— CH9ii(OR)2 


Methyl (a-Cyanobenzyl)succinate 

Phenylacetonitriles, like the malonates, contain an active a-inethyl- 
ene group. Hence they also undergo the Michael reaction in the pres- 
ence of alkoxides. In this particular preparation a solvent is not 
needed. Superior yields are generally obtained by omitting it, as is 
done in the procedure selected. With diethyl maleate, for example, 
only a 46% yield was obtained in ethanol, compared to 52 to 58% yields 
without the use of solvent. By omitting the solvent, the formation of 
complex compounds such as that obtained by Henze may be largely 
avoided, as well as the excessive formation of alkoxysuccinates [q^v.), 
which are readily produced in the presence of larger amounts of alco- 
hol containing a basic catalyst. 

Compounds with a carboxyl group in place of the phenyl substitu- 
ent, such as the alkyl cyanoacetates, are much less reactive than 
a-tolunitrile. In this case it is necessary to add a suspension of the 
sodium derivative of the cyano compound to an alcoholic solution of 
the maleate, heating the whole on a water bath for 36 hours. Yields 
equivalent to that obtained with a-tolunitrile can be had in this way. 
The products in this case are esters of the tricarboxylic acid, a-cyano- 
tricarballylic acid. 

Dimethyl (a-cyanobenzyl) succinate boils at 198 to 203° under 10 
mm. pressure. The diethyl ester has a boiling point of 187° at 1 mm. 
pressure. 

Use. Compounds of similar structures generally have valuable 
insecticidal and fungicidal properties. When reduced, such compounds 
give amino acids, which can be used in the preparation of polymers 
and synthetic detergents. 
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SI '' A 

Dimethyl 

maleate 


Dimethyl a-oyanobenzyl- 
succinato 


Procedure. A mixture of 58 g. of a-tolunitrile and 72 g. of 
dimethyl maleate is kept agitated while a solution of 1 g. of sodium 
in 20 ml. of methanol is added, two to three drops at a time. The 
temperature is carefully kept below 50° by external cooling during 
this operation. When all the sodium methoxide solution has been 
added and the temperature continues to drop even upon further addi- 
tion of catalyst, it is a sign that the reaction is complete. The reaction 
mixture is then acidified with acetic acid and worked up in the usual 
manner. This yields 50% of the cyanobenzylsuccinic ester. 


Kcfcrences 

Koelsch, C. F.. ,/. Am. Chem. Soc. 65, 437 (1943). C/.: 

Henze, M.. Ber. 33, 966 (1900). 

Ingold, C. K., J, Chem. Soc. 119, 329 (1921). 
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KETOOLEFINIC ACIDS 


9a<Qg 

jS-Benzoylacrylic Acid 

The Grignard synthesis is generally considered to be superior to the 
Friedel-Craft method for preparing certain aroylacrylic acids. This 
is not true, however, for reactions involving maleic anhydride or its 
derivatives. Except for the less reactive reagents, like phenylzinc 
chloride, no aroylacrylic acids have been isolated from the mixture 
of products resulting from the reactions with such maleyl compounds. 
Even under the most favorable conditions as outlined in this prepara- 
tion only 26% of benzoylacrylic acid is obtained. More reactive 
reagents, such as phenylmagnesium bromide, when allowed to react in 
equal molecular proportions, yield only saturated compounds such as 
/?-benzoyl-a-phenylpropionic acid and l,2,4-triphcnyl-l,4-butanedione. 

Ethylzinc iodide, when allowed to react with diethyl fuma- 
rate, has been reported to add only in the 1,4-positions to the 
0=C — C=C — C=0 grouping, to give upon hydrolysis the ester 

1 2 3 4 5 6 

of ethylsuccinic acid. Diethylzinc is described as behaving similarly 
but full experimental details are lacking. The same is true with ethyl- 
zinc iodide. Further study should be given, therefore, to reactions 
employing equal molecular proportions of these reactants. 

The properties of ^-benzoylacrylic acid arc described under the 
Friedel-Craft reaction {q,v.). 
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ArMgX 


GRIGNARD REAGENTS I 
1,2- ADDITION 


Phenylzinc Chloride 


II H 
HsCe-C-C 


HO-C-C 

I “ 

/8-Ben*oyl- 
aorylio aoid 

Preparation. Phenylzinc chloride is prepared by adding 16.4 g. 
of freshly fused zinc chloride in 40 ml. of dry ether to phenylmagne- 
sium bromide from 15.7 g. of bromobenzene and 2.4 g. of magnesium. 
A solution of 8.8 g. of maleic anhydride in 90 ml. of dry ether is then 
carefully added dropwise to the gray solid mass, while the reaction mix- 
ture is allowed to reflux and is kept thoroughly agitated. The reaction 
is usually complete within an hour, half of which time is required for 
the addition of the anhydride. During the last half hour, the mix- 
ture turns yellow and becomes slightly sticky. The products are then 
treated in the usual manner by separating them into two fractions 
with a sodium carbonate solution. This yields 0.9 g. of diphenyl and 
10.2 g. of a red oil. The red oil is then purified by dissolving it in 
benzene, precipitating with ligroin, and crystallizing the oily yellow 
solid so obtained, first from ligroin, and then from a benzene-petroleum 
ether solution, yielding 1.9 g. of y3-benzoylacrylic acid. An additional 
2.3 g. of impure product can be obtained from the mother liquor of 
the original benzene solution, giving a maximum yield of crude acid 
of 26% of theory. 


H.Ce 


-f-H- 


+ O' 


/ 


V H 
C — C 


ClZn OH 


\ 


C C 


0 


H 


Phenylzinc + Maleic 
chloride anhydride 
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Tarbell, D. S., J. Am, Chem. Soc, 60, 215 (1938). Cf.: 

Michael, A., Ber. 29, 1791 (1896). 
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ALKYLSUCCINIC ACIDS 


H 

R9ll(OR')2 

Diethyl Isopropylsuccinate 

This product results from a 1,4-addition of an alkylating reagent to 
the maleyl group, 0=C — C=C — C=0, in contrast to the 1,2-addition 

1 2 3 4 5 6 

described for phenylzinc chloride {q.v.) in the preparation of jS-benzoyl- 
acrylic acid, where equal molecular amounts are also employed. The 
reaction is similar in this respect to the one with ethylzinc iodide. 

Practically the same yield is obtained when isopropylmagnesium 
bromide is substituted for the cadmium reagent in this preparation, or 
diethyl fumarate for the maleate. Use of a 50% mole excess of the 
diethyl fumarate with isopropylmagnesium bromide does not increase 
the yield. A longer time for reaction between the isopropyl bromide 
and magnesium, or the isopropylmagnesium bromide and cadmium 
chloride also has no effect in this preparation. 

Diethyl isopropylsuccinate may be prepared also, by reducing 
diethyl isopropylidenesuccinate with hydrogen in the presence of Raney 
nickel. Although it is a two-step procedure, starting with succinic 
acid, it has several advantages over this Grignard method for prepa- 
rational use. 

Diethyl isopropylsuccinate obtained here boils at 118 to 126° under 
20 mm. pressure. Redistilled, it gives a pure product boiling at 123 to 
125° (20 mm.) with 1.4284 and 0.9925. Adkins and Wojcik 
prepared the product from diethyl isopropylidenesuccinate and report 
63 110-112°; and Neklutin obtained it in a similar manner, 60.8 71-78° 
Hd 1.4288. The acid when recrystallized from acetone and water melts 
at 115.5 to 116.5°. Roser reports 114°, and Henry and Paget 117°, as 
the melting point for the same acid. 

Use. Alkylsuccinic acids have been studied for their effect on the 
growth of dibenzanthracene-induced tumors in mice. Although they 
do not cause complete repression of any of the tumors, definite inhibitory 
effects were observed in the case of methylsuccinic acid and cyclo- 
hexylsuccinic acid. 
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RCdX 


GRIGNARD REAGENTS II 
1,4-ADDITION 


Isopropylcadmium Bromide 




HC- 


4" 


H- 


+ 


ISrCd oh] 


H V 

C-COCzHb 

I! 

c-coaHs 

H " 


Isopropyl- + Water + Diethyl 
cadmium maleate 

bromide 


HaC^n H V 

C-C-COCaHs 
HjC I 

HC-COC2H5 
H II 
0 

Diethyl isopropylsucoinate 


Procedure, Isopropylmagnesium bromide is first prepared by add- 
ing 143 g. of isopropyl bromide to 28.6 g. of magnesium and 1 liter of dry 
ether. This is converted to the cadmium reagent by adding 212 g. of 
anhydrous cadmium chloride in the customary manner. A solution of 
200 g. of diethyl maleate in 500 ml. of ether is then added dropwise to 
the reagent. This addition requires approximately hours. The 
agitation is then continued for 5 hours to complete the reaction. 

The products are treated in the usual manner, and the resulting oil is 
separated by distillation. The yield of diethyl isopropylsuccinate is 
48 g., or 29.3% of theory. 


References 
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KETO ACIDS 


H 

Ar9ll< 


Ar 

OH 


jS-Benzoyl-a-phenylpropionic Acid 

The fact that only saturated products arc obtained when equal 
molecular quantities of maleic anhydride are allowed to react with 
phenylmagnesium bromide is of interest in view of the results that 
are obtained when the Grignard reagents are present in large amounts 
(g.v.)* Apparently, equal molecular quantities of this reagent favor 
a 1,4-addition of the second molecule of Grignard reagent, whereas 
the second molecule of an alkyl reagent tends to add in the 1,2-position 
to the keto group of the ketoacrylic acid. See y,y-diethyl-y-hydroxy- 
crotonic acid. Here at best the yields are poor for both the yS-benzoyl- 
a-phenylpropionic acid and the by-product, l,2,4-triphenyl-l,4- 
butanedione. Various side reactions also take place, as is evident 
from the large proportion of biphenyl in the neutral fraction. 

^-Benzoyl-a-phenylpropionic acid, when prepared by this method 
and purified, melts at 145 to 148°. l,2,4-Triphenyl-l,4-butanedione, 
desylacetophenone, melts at 125 to 127°. Compare these results with 
those given for ^-benzoyl-a-phenylpropionic acid prepared by the 
Friedel-Craft reaction, as described on page 91. Mixtures of the 
propionic acids prepared by the two methods melt at 148 to 150°. 
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ArMgX 


GRIGNARD REAGENTS III 
1^2-1, 4«Addition 


Phenylmagnesium Bromide 




iBrjIlg OHI 


? H 
.c— c 


\ 


'c—' 




+ |hO + MgBr| 


H 


I 


Phenylmagnesium bromide + Water 
+ Maleic anhydride 


? H 

HjC^C-CH 


I ' 

-CC-Hb' 


H^C^MgSr^ 


If H 

HjCfiC-CH 


HOC-CCflHj* HtCeC-CCaHs 

0 ^ 6 ^ 

/3-Benzoyl-a- Triphenyl- 1,4- 

phenylpropionic butaneidione 

acid 1,2,4- 


Procedure. The Grignard reagent in this preparation is prepared 
in the customary manner from 2.4 g. of magnesium and 15.7 g. of 
bromobenzene. It is then added dropwise, with constant stirring, to 
an ether solution of 8.8 g. of maleic anhydride, which is constantly 
maintained at 0° by means of an ice-salt bath. Increasing amounts 
of a white solid separate instantaneously with each addition of the 
Grignard reagent. When the reaction is complete, the products are 
separated with sodium carbonate into a neutral fraction consisting 
largely of 1.2 g. of diphenyl, with small amounts of 1,2,4-triphenyl- 
1,4-butanedione and an acid fraction of 5.9 g. of a red oil. The red 
oil is dissolved in benzene and then fractionally precipitated with 
ligroin. This gives three batches of uncrystallized oil and then 1.7 
g., or 26% of the theoretical amount, of crude ^-benzoyl-«-phenyl- 
propionic acid. The pure acid is obtained by recrystallization from 
an acetone-petroleum ether solution. The yield of 1,2,4-triphenyl- 
1,4-butanedione from the neutral fraction is 5.4%. 


Reference 

Tarbel, D. S., J. Am. Chem. Soc. 60, 216 (1938). 
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CH— C(C6H5)2 


ALKENEDIOL ANHYDRIDES 



CH— C(CeH6) 



2 


2,5-Dihydro-2,2,5,5-tetraphenylfuran 

It would appear from this and the following preparations that the 
use of an excess of Grignard reagent distinctly favors the 1,2-type of 
additions to maleyl compounds. The fact that saturated by-products 
are obtained in the next preparation with phenyllithium, however, 
would indicate that a 1,4-addition of the second or third mole of 
Grignard reagent can still occur under certain experimental conditions. 
Compare this with the preceding preparation, where phenylmagnesium 
bromide is used in an equivalent amount. 

Unfortunately, in the preparation given here only one substance 
so far has been obtained from the reaction mixture, and this is a de- 
hydration product of the tetraarylalkenediol. This diol is undoubtedly 
formed during the reaction by the addition of four moles of reagent 
to the carbonyls of the maleate. To this extent, the reaction is 
similar to the one where eight moles of benzylmagnesium chloride is 
added to maleic anhydride except in that case the intermediate 

tetraaralkylalkenediol is a by-product of the reaction, and that de- 
hydration gives rise to a highly unsaturated triene. 

In view of the relatively low yields obtained in all cases, one can- 
not be certain, however, that the products isolated are the principal 
products of the reaction. All these preparations can be profitably 
restudied from the standpoint of what might be done to effect better 
methods of separation of the complex mixtures of products. 

2,5-Dihydro-2,2,5,5-tetraphenylfuran when precipitated from ether 
melts at 190°. 
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ArMpX 


GRIGNARD REAGENTS IV 
1,2-1, 2-1, 2-1,2-ADDITION (TO CIS) 


Phenylmagnesium Bromide 


H5 
HaCe- 

H^Ce-C— C 
HaCe 


2.5- Dihydro- 

2.2.6.5- tetra- 
phenylfuran 

Procedure. The reagent is prepared from 6.7 g. of magnesium and 
44 g. of bromobenzene. This is added cautiously and dropwise to an 
ether solution of 10 g. of dimethyl maleate in the usual manner. A 
spontaneous vigorous reaction ensues. When the reaction has quieted 
down, the mixture is heated for one hour on a water bath. The 
product is then treated in the customary way, yielding a sirup upon 
evaporation of the ether layer. This sirup partially crystallizes upon 
standing. The crystals are freed of the adhering sirup by treating 
them with 2 g. of ether. They are purified by dissolving in benzene 
and precipitating with ether. 

Reference 

Purdie, T., and Arup, P. S., J. Chem. Soc. 97, 1637 (1910). 




Phenyl- + Water + Dimethyl 
magnesium maleate 

bromide 
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Ar Ar 


ALKENEDIOL AND BY-PRODUCTS 


CH— COH 
CH— COH 



trans-l,l,4,4-Tetraphenyl-2-butene-l,4-diol 

This preparation is interesting as giving fairly reasonable yields of 
the butenediol. That there is some competition with a 1,4-addition 
to the maleyl group is illustrated by the two by-products obtained, 
since j8,y,y-triphenylbutyric lactone undoubtedly results from loss of 
water from a y-hydroxy-;^,y,y-triphenylbutyric acid intermediate, and 
tetrahydro-5-hydroxy-2,2,3,5-tetraphenylfuran could readily result 
from 3-hydroxy-2,3,3-triphenylpropyl phenyl ketone through a cycliza- 
tion involving a transfer of hydrogen of the hydroxyl group. The m- 
isomer of l,l,4,4-tetraphenyl-2-butene-l,4-diol may be prepared in 
similar manner from diethyl maleate. 

Small amounts of phenol and phenyl benzoate are also obtained from 
the aqueous solution left after the original extraction with ether. This 
would indicate that some addition to the 1,6-positions of the maleyl 
group may have occurred al^o during the reaction. 

^rans-l,l,4,4-Tetraphenyl-2-butenediol is obtained as colorless 
prisms that melt at 195 to 201°. When dissolved in concentrated 
sulfuric acid, it changes from red through violet, to blue and then 
green. The c?;s-isomer cannot be crystallized, but when boiled with 
acetic anhydride for 4 hours it yields 2,5-dihydro-2,2,5,5-tetraphenyl- 
furan, m.p. 182 to 184° 

j8,y,y-Triphenylbutyric lactone occurs as needles that melt at 162.5 
to 163.5° when recrystallized from methyl alcohol. They show no 
depression in melting point with the product isolated from the reaction 
with phenylmagnesium bromide. Dissolved in concentrated sulfuric 
acid, it imparts an intense yellow color to the solution. 

Tetrahydro-5-hydroxy-2,2,3,5-tetraphenylfuran melts at 216 to 
217° and gives no color in concentrated sulfuric acid. Treated with 
acetic acid and concentrated hydrochloric acid, it gives the 2,3-dihydro- 
2,2,3,5-tetraphenylfuran, and with hydriodic acid and red phosphorus, 
1,2,4-triphenylnaphthalene. 
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ArLi 


GRIGNARD REAGENTS V 
1,2-1, 2-1, 2-1, 2-ADDITION (TO FUMARATES) 


Phenyllithium 


HO 

Li 

HO 

Li 


H 

CoH. 

H--> 


OCjH, 


0=C-CH 
II 

+ 


HC-C=0 

\ 

HsCe 


HsCj-O 
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Li 

OH 


Li 

OH 


Phenyllithium + Water + Diethyl 

fumarate 


CeHs 

HOC CH 


CeHj 


HC- 


CeH, 

-COH 


ira n«- 1 , 1 , 4 ,4-Tetrapheny 1-2- 
butene- 1,4-diol 


Procedure. A solution of 1.9 g. of diethyl fumarate in 40 ml. of 
dry ether is cooled to —60 to —70°. This is added over a 5-minute 
period to 50 ml. of a 1 iV ether solution of phenyllithium that has been 
cooled to the same temperature. After 30 minutes the reaction mix- 
ture is allowed to increase slowly to room temperature. After 25 
minutes at the new temperature, it is decomposed with acidulated 
water, neutralized, and then extracted with ether. Upon standing, 0.3 
g. of colorless needles of tetrahydro-5-hydroxy-2,2,3,5-tetraphenyl- 
furan separate from the extract. These are recrystallized from an 
ethyl acetate-alcohol mixture. 

The extract is then allowed to evaporate, and the residue is taken 
up in methyl alcohol. From the alcohol solution is obtained 1.55 g. 
of l,l,4,4-tetraphenyl-2-butene-l,4-diol, which is recrystallized from a 
mixture of benzene and alcohol. 

The mother liquor yields 0.4 g. of jS,y,y-triphenylbutyric lactone. 

References 

Scholtis, K., Ann. 557, 82 (1945). C/.: 

Purdie, T., and Arup, P. S., J. Chem. Soc. 97, 1537 (1910). 
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H DIKETOALKANES 

R911R2 


5-Ethyl-3,6-octanedione 

Substituted aliphatic diketones are the major products when maleic 
esters are allowed to react with an eight-mole equivalent of alkylmag- 
nesium bromides. These ketones result from the reaction of three 
moles of the Grignard reagent with one of the maleate, two moles 
adding to the carbonyl groups in the 1,2-positions and the third in 
the 1,4-position. It is also possible for all three moles to add in the 
1,2-positions. For example, in the reaction with butylmagnesium 
chloride, small amounts of Bu2C(OH)CH=CHCOBu are formed as 
by-products in the reaction with maleic anhydride with butylmag- 
nesium chloride. 

5-Ethyl-3,6-octanedione is a colorless liquid with the following 
properties: {>25 143^ (61 110"^), ng 1.438, and d2i 0.9661. The com- 
pound undergoes the pyrrole reaction characteristic of 1,4-diketones. 
It does not react with semicarbazide in aqueous alcoholic solutions, 
but can unite further with two moles of the Grignard reagent to yield 
a crystalline diol. The benzyl analog is sterically hindered in this 
respect from adding more than one molecule of reagent. 

Use. This procedure is a convenient one for synthesizing certain 
substituted diketones and diols. 
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RMgX 


GRIGNARD REAGENTS VI 
1,2-1, 2-1, 4-ADDITION 


Ethylmagnesium Bromide 



ii + ( 


BrMg + OH 




9=0 


HC 

II 

HC 
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I 


9=0 

X rm 


BrMg + 9 H 




H -h ( 



Ethylmagnesium bromide 4* 


-92H6 


H OH + MgBr 


Dimethyl maleate 


H5C2-(p=0 

HC-C2H5 

H9-H 

H5C2-i=o 


5-E thy 1-3 , 6-octane- 
dione 


Procedure. The Grignard reagent is prepared from 87 g. of pure 
ethyl bromide and 19 g. of magnesium. This is added dropwise, with 
constant stirring to a solution of 14.4 g. of dimethyl maleate in ether, 
which is maintained at 0°. The product is worked up in the usual 
manner for this type of reaction. Acidic constituents are removed 
with sodium carbonate solution, and the neutral fraction purified by 
distillation under reduced pressure. 

Reference 

Weizmann, C., and Bergmann, F., J. Am. Chem. Soc. 60, 2647 (1938). 
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R2C(0H)— CH=CHC02H 


HYDROXYALKENOIC ACIDS 


7,7-Diethyl-7-hydroxycrotonic Acid 

The use of maleic anhydride in place of maleic esters in reactions 
with large amounts of alkylmagnesium bromides leads to an asym- 
metric addition of the first two moles of the Grignard reagent to a 
single carbonyl group. Thus 7 , 7 -dialkylhydroxycrotonic acids are 
obtained as the major product of these reactions instead of the satu- 
rated 1,4-diketones formed in the previous preparation. Further ad- 
dition of the Grignard reagent may also occur during these reactions. 
With ethylmagnesium bromide, this results in addition to the other 
carbonyl group as well as a 1,4-addition to saturate the C:C bond, 
giving 5,6-diethyl-6-hydroxy-3-octanone as the by-product. The less 
reactive butylmagnesium chloride, however, forms only the unsatu- 
rated 8-butyl-8-hydroxy-6-dodecen-5-one; whereas benzylmagnesium 
chloride gives, 2,5-dibenzyl-l,6-diphenyl-l,3,5-hexatriene. The last 
compound is undoubtedly produced by a dehydration of the unsatu- 
rated diol, 2,5-dibenzyl-l,6-diphenyl-3-hexene-2,6-diol. Thus com- 
plete alkylation of both carbonyl groups can occur only if the con- 
jugated system is preserved throughout the series of four Grignard 
additions. 

7 , 7 -dialky l-y-hydroxycro tonic acids readily undergo dehydration. 
With the diethyl derivative, this takes place almost spontaneously so 
that these compounds can be isolated only as crystalline esters, such 
as the p-phenylphenacyl ester described in this preparation. 

p-Phenylphenacyl 7 , 7 -diethyl- 7 -hydroxycrotonate melts at 77 to 
78°. The p-phenylphenacyl ester of 7 -ethylsorbic acid, the dehydra- 
tion product, occurs as quadratic plates melting at 138°. Purified 
5,6-diethyl-6-hydroxy-3-octanone has the following properties: 
^> 1.5 75° (637 112°), 1.457, and dgi 0.9269. 

Use. This method offers several possibilities for preparing branched- 
chain fatty acids and other compounds from maleic anhydride. 
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GRIGNARD REAGENTS VII 
1,2-1,2-ADDITION 


Ethylmagnesium Bromide 


H- 


BrMg 


+ OH 


C,He-> 


|BrMg OH 


4- O 
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H 


“C 

H 


Ethyl- + Water -f Maleic 
magnesium anhydride 

bromide 


«? H 
(H5C2),C— c 

HO-C — 

II H 
0 

7 , 7 -Diethyl-Y- 
hydroxycro tonic 
acid 


Procedure. The Grignard reagent is prepared from 87 g. of pure 
ethyl bromide and 19 g. of magnesium, as in the previous prepara- 
tions. This is added dropwise, with constant stirring, to a solution 
of 9.8 g. of maleic anhydride in ether at 0°. The reaction mixture is 
treated in the usual manner by separating it into neutral and acid 
fractions by extraction with a sodium carbonate solution. Since the 
major product y,y-diethyl-y-hydroxycrotonic acid undergoes spontane- 
ous dehydration, it is isolated as the well-defined p-phenylphenacyl 
ester by the addition of p-phenylphenacyl bromide. Small amounts 
of the phenylphenacyl ester of y-ethylsorbic acid may be obtained 
from the filtrate after removing the above ester. 5,6-Diethyl-6- 
hydroxy-3-octanone is recovered from the neutral fraction that is left 
upon extraction with the carbonate solution. 

Reference 

Weizmann, C., and Bergmann, F., J. Am. Chem. Soc. 60, 2647 (1938). 
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UNSATURATED KETO ACIDS 


/3-Benzoylacrylic Acid 

This is one of the general methods used for preparing arylketones. 
A considerable number of /?-aryloylacrylic acids have been made by 
this or very similar procedures. The first step in the reaction is con- 
sidered to be the formation of the complex compound of aluminum 
chloride and maleic anhydride, which reacts with the benzene to yield 
the keto acid. When allowed to react with two moles of benzene, 
the maleic anhydride complex yields jS-benzoyl-a-phenylpropionic acid 

j8-Benzoylacrylic acid may also be prepared from maleic anhydride 
by the Grignard reaction {q.v.), but the yield is very poor. Esters 
have been prepared by removing hydrobromic acid from benzoylbromo- 
propionates. The pure acid melts at 97°. 

Use. The use of ^S-benzoylacrylic acid has been limited in the 
past because of its tendency to form Pechmann^s dye. This dye may 
be prepared by refluxing yS-benzoylacrylic acid with acetic anhydride. 
A copious precipitate of reddish needles or plates with a bronze luster 
is obtained. The exact structure of this dye eluded chemists for a 
period of 42 years. It is the diphenylacylfumaric lactone, a dimeric 
condensate of ^-benzoylacrylic acid. 

Studies of methods for processing ^^-benzoylacrylic acid have con- 
tinued to be attractive because ^-benzoylacrylic acid, like maleic 
anhydride, contains a series of highly reactive groups, which should 
undergo many of the reactions of the anhydride itself. (See discus- 
sions of Dibenzoylethylene and Reaction of Nitroparaffins.) 
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Ar-(AlCl3) 


FRIEDEL-CRAFT REACTANTS I 
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/9-Benzoylacrylio 

acid 


Procedure. A mixture of 10 g. of maleic anhydride and 100 ml. 
of benzene is heated on a water bath, with constant agitation, to 55 
to 60®. Fifteen grams of pulverized anhydrous aluminum chloride is 
then added in small portions, and the heating is continued for 6 hours. 
Hydrogen chloride is slowly evolved during the reaction, and the 
mixture forms two layers. Upon completion, 40 ml. of water con- 
taining a few milliliters of hydrochloric acid is cautiously added. 
This causes the lower viscous layer to disappear when the three-layer 
heterogeneous mixture is heated further. The mixture is then placed 
in a separatory funnel, and the acidic aqueous layer is drawn off. The 
remaining clear benzene layer is washed with water while still warm 
and extracted with a dilute alkali solution. A yield of 12 g., or 74% 
of the theoretical amount, of crude ^-benzoylacrylic acid is obtained 
when hydrochloric acid is added to the extract. This crude acid is 
then recrystallized from the 480 ml. of hot water, yielding 9 g. of 
pure acid. 

This method was first employed by von Pechmann. 
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KETO ACIDS 


H /Ar 
ArJll/ 
\OH 


/3-Benzoyl-a-phenylpropionic Acid 

Aluminum chloride might also be expected to form a complex with 
benzoylacrylic acid, as well as with maleic anhydride. 

The preparation of benzoylphenylpropionic acid from benzene and 
maleic anhydride under controlled conditions has also been reported. 
It would appear that the initial phase in any reaction between maleic 
anhydride and benzene in the presence of aluminum chloride is the 
formation of benzoylacrylic acid, and that addition to the C:C bond 
of maleic anhydride occurs only after the formation of the unsaturated 
keto acid. The yield, however, is very poor in this one-step proce- 
dure. That obtained by the method given on the opposite page, where 
benzoylacrylic acid is used as the starting material, in contrast, is 
practically quantitative. 

^-Benzoyl- a-i)henylpropionic acid, when recrystallized several times 
from acetic acid, melts at 148"^. Prepared by either procedure, the 
keto acids obtained are identical. 
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Ar-(A1C1,) 


FRIEDEL-CRAFT REACTANTS II 




Benzene 


CeHfi— C=0 
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H5Ce-C=0 
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ni 



AlCli 

HCH 

Hi 
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+ 
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HOC=-0 

Benzoylacrylic 

acid 

+ 

Benzene 


/9-Benzoyl-a-phenylpropionio 

acid 


Procedure. A mixture of 2 g. of j8-benzoylacrylic acid and 75 ml. 
of benzene is heated upon a water bath until the /3-benzoylacrylic acid 
has dissolved. Then 20 g. of anhydrous aluminum chloride is added 
to it in small amounts over a period of half an hour. The mixture 
is kept thoroughly agitated during this period and for the following 12 
hours. The solution changes from yellow to brown in forming a com- 
plex with the aluminum chloride, such as occurs in the preparation of 
j8-benzoylacrylic acid. When the reaction is complete, the mixture is 
cooled and thoroughly extracted with dilute alkali. The product is 
recovered from the extract by precipitation with hydrochloric acid, 
and is then purified by three recrystallizations from 30% acetic acid. 
The yield is 4 g. 
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ARYLSUCCINIC ANHYDRIDES 


H 

(R0)2C6H4— 9ll>0 


2,4-Dimethoxyphenylsuccinic Anhydride 

Unlike other aromatic compounds, m-dimethoxybenzene reacts with 
maleic anhydride in the presence of aluminum chloride to form largely 
the saturated substituted succinic anhydride instead of the benzoyl- 
acrylic acid derivative. Veratrole, p-dimethoxybenzene and methyl- 
anisoles, in contrast, react in the normal manner. Small amounts of 
^-(2,4-dimethoxybenzoyl) acrylic acid and )g-(2,4-dimethoxybenzoyl)- 
a-(2,4-dimethoxyphenyl) propionic acid are also formed during the 
reaction with m-dimethoxybenzene, but it is clear from the yields 
that the addition reaction is the one that predominates in this prepa- 
ration. When m-dimethoxybenzene is added to jS- (2,4-dimethoxy- 
benzoyl) acrylic acid, the isomeric, ^-(2,4-dimethoxybenzoyl)-jS-(2,4- 
dimethoxyphenyl) propionic acid is formed in addition to the 
^,a-compound. The /?, ^-compound, however, has not been reported 
as one of the products of the maleic anhydride reaction. 

(2,4-Dimethoxy phenyl) succinic anhydride occurs as fine colorless 
needles that melt at 147°. It is soluble in acetone, benzene, toluene, 
and chloroform. The acid melts at 160°. 

^-(2,4-Dimethoxyphenyl) acrylic acid, is yellow, losing its color at 
180° and decomposing at 189°. The ^,a- and j8-(2,4-dimethoxyben- 
zoyl)-/?- (2, 4-dimethoxyphenyl) propionic acids melt at 160 and 157°, 
respectively. 
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Jn-(R0)2C,H4(A1CU) 


FRIEDEL-CRAFT REACTANTS III 
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O 
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HjCoi l:OCH, 
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(2,4-Dimethoxyphenyl) 
succinic anhydride 
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Procedure, A dark yellowish-green solution of 53.6 g. of purified 
maleic anhydride in 71.5 g. of m-dimethoxybenzene is stirred rapidly 
while 150 g. of carbon disulfide is added. The reaction mixture is 
then cooled in an ice bath, and anhydrous aluminum chloride is 
added in small portions. The mixture is kept thoroughly agitated 
with the mechanical stirrer until the dark red product begins to set 
to a complete solid mass. It is then decomposed in the usual manner 
with ice and concentrated hydrochloric acid. The product is removed 
by filtration, air-dried, pulverized, and then extracted with several 
small portions of ether. The yellowish residue is dissolved in acetone, 
from which crystallizes 37.4 g. of the colorless anhydride. Addi- 
tional (2, 4-dimethoxyphenyl) succinic anhydride can be obtained by 
treating the residue from this solvent with toluene, giving a total 
yield of 49.2 g. or 40% of theory, based upon the weight of dimethoxy- 
benzene originally taken. 

Small amounts of (2,4-dimethoxyphenyl) succinic acid, ^-(2,4- 
dimethoxybenzoyl) acrylic acid, and jS-(2,4-dimethoxy benzoyl) -a- (2,4- 
dimethoxyphenyl) propionic acid may also be obtained from the ace- 
tone filtrate. 

Reference 

Rice, G. P.. J. Am. Chem. Soc. 53. 3153 (1931). 
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9R(Ar)2 


UNSATURATED 1,4-DIKETONES 


trares-Dibenzoylethylene 

(l,4-Diphenyl-2-butene-l,4-dione) 


This preparation is by far the most convenient and economical one 
for the synthesis of s-diaryloylethylenes. An excess of aluminum 
chloride is required to obtain products of good color. The rate of 
addition of the fumaryl chloride is also important. If the benzene 
suspension is not warmed before the chloride is added, the reaction 
starts slowly, and frothing with boiling over may result when the 
temperature begins to rise suddenly. Should the stirrer stop for any 
reason, it must be started again very cautiously. 

fran-s-Dibenzoylethylene crystallizes from alcohol as yellow needles 
that melt at 109 to 110°. It is insoluble in ligroin, only partially 
soluble in alcohol, but readily dissolves in acetic acid, benzene, and 
chloroform. This is the only frans-s-diaryloylethylene that has been 
reported to melt below its cis-isomer (m.p. 134°). 

It undergoes many reactions that are similar to maleic anhydride, 
including the addition of dienes, malonates, halogens, Grignard re- 
agents, sodium bisulfite, amines, hydroxylamine, oxygen from hydrogen 
peroxide, and the like. In the presence of acetic anhydride and a little 
sulfuric acid it produces l,4-diphenyl-3-furanol acetate, and with 
sodium ethoxide in benzene, l,4-dibenzoyl-2,6-diphenyl-6-fulvenol. It 
is extremely easily reduced, being capable of forming upon reduction 
either the saturated monomer or a saturated dimer. 

Use, s-Diaryloylethylenes have been employed as the starting ma- 
terials in the synthesis of various substituted furanes ; fulvenes ; dihy- 
drobenzof urans ; cyclohexenes; bicyclo [2’2*l]-2,5-heptadienes; cyclo- 
propanes; furanones; pyrazoles and pyrazolines; 4,4-dibenzoyl-l- 
phenyl-2,2-butanedicarboxylic acid; o-dibenzoylbenzene ; 3,6-diphen- 
ylpyridazine ; 1 ,4-diphenyl-2-piperidino- 1,4-butanediol ; dibenzoyl- 

acetylene; dibenzoylethanol ; dibenzoylethylene oxide and 1,2-diben- 
zoyl-2-chloroethanol. 
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Ar-CAlCla) 


FRIEDEL-CRAFT REACTANTS IV 


Benzene 


H 
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A1C1« 


HA- tH + , q jc-c 


Benzene 


Fumaryl chloride 


H 

C-CCeH, 


HBCeC-C 


O « 

frana-Dibenioyl- 

ethylene 


Procedure. A mixture of 350 g. of finely powdered anhydrous 
aluminum chloride and 1800 ml. of thiophene-free benzene is heated 
on a water bath while vigorously agitated. To this is slowly added 
153 g. of fumaryl chloride until the mixture reaches 50 to 60°. The 
chloride is run into it at a fairly rapid rate over a period of 15 to 25 
minutes. During this time the reaction mixture becomes dark red and 
begins to boil rapidly. The refluxing is continued for 10 minutes after 
the evolution of gas has practically ceased. It is then decomposed 
in the usual manner and brought to room temperature by adding hot 
water. The benzene layer is separated and washed. The solvent is 
then removed on a water bath under reduced pressure until crystalliza- 
tion ensues. A yield of 78% of the theoretical amount of dibenzoyl- 
ethylene is obtained. 
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CHAPTER 


5 


Compounds Containing Nitrogen 


This chapter covers possibly one of the most interesting groups of 
substances reacting with maleyl compounds from the standpoint of 
synthesis of products with different types of structures. In general, 
compounds containing nitrogen react quite readily with either the 
ethylene bond or the carboxyl groups of the maleyl compound or com- 
binations of these three groups. 

The reactions of ammonia and hydrazine are unique to the extent 
that numerous individual compounds can be readily obtained by vary- 
ing the experimental conditions as shown in the several preparations 
given. Generally, when reactive groups are capable of forming such 
numerous combinations, the products are difficultly separable resinous 
mixtures. Although the reactions of ammonia and hydrazine are quite 
similar, both have been included to show the different reaction condi- 
tions and some deficiencies in the end products. 

The reaction of benzalazine with two molecules of maleic anhydride 
is one of the few examples of a 1,3-addition of a conjugated unsatu- 
rated grouping to maleic anhydride, leading to what has been termed 
a criss-cross addition to the two moles of anhydride. In the presence 
of water, this compound behaves like a Schiff’s base, splitting off 
benzaldehyde to yield only the substituted maleyl hydrazide. 

Another unusual reaction is that of benzaldehyde oxime with maleic 
anhydride to form N-benzoylaspartic anhydride, where a rearrange- 
ment has the net effect of the oxime isomerizing to the amide during 
the reaction. Schiff^s bases from aniline and 2-alkenals apparently 
are tautomeric mixtures of the base and conjugated N-alkadienyl- 
anilines, since they undergo what amounts to a Diels-Alder addition 
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with the nitrogen forming an amide group in producing bicyclopyr- 
rolidonecarboxylic acids. 

Pyrroles also react in an unexpected manner to produce substituted 
succinic acids instead of undergoing the usual Diels-Alder type of 
addition of cyclic dienes such as takes place with the oxygen analogs, 
the furans. When both the methylene carbons adjacent to the imide 
group are substituted, addition takes place at the 3-pyrrole carbon, 
which is one carbon removed from the nitrogen atom. 

The nitrogen ring of benzyl azide is opened in its addition to ethylene 
bond of fumarates to yield the l-benzyl-A2-l,2,3-triazoline-4,5-dicar- 
boxylates, but carbamyl azide loses a mole of nitrogen in the same 
type of addition to form the l-carbamyl-2,3-aziridinedicarboxylate. 
Diazomethane, like azides, also forms a heterocyclic ring upon addi- 
tion. In this case, it is the 1-pyrrolidine ring that is formed. Dia- 
zonium chloride, like carbamyl azide, loses a molecule of nitrogen dur- 
ing reaction in producing the a-aryl-^-chlorosuccinates. 

Two molecules of fumaric ester are involved when hydrogen cyanide 
adds to the ester in potassium cyanide solutions. This addition is 
accompanied by either decarboxylation or cyclization, depending upon 
experimental conditions. Since no direct method is known for pro- 
ducing the simple nitrile, this should be a fruitful field for further 
study. 

Additional study might also be given to the reactions of both pri- 
mary and secondary nitroparaffins, since these reaction products have 
interesting possibilities for further synthesis. 
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H 

H2N9ll(OH)2 


AMINOSUCCINIC ACID 


Aspartic Acid 

Most of the methods given in the literature for preparing aspartic 
acid directly from maleyl compounds and ammonia give very poor 
yields owing to the formation of other products and to losses during 
separation. Manufacturing methods have been developed, however, 
that do not have these defects so that aspartic acid is now a commer- 
cial product. Temperature, pressure, and the use of catalysts are 
apparently the most effective means for increasing the yield as shown 
in the procedure given. The highest yield reported, however, is ob- 
tained by the hydrolysis of 2,5-dioxopiperazinediacetamide, which can 
be prepared in almost quantitative yields from diethyl fumarate and 
ammonia {q.v.). 

Ammonia appears to react more readily with the carboxyl groups 
of maleyl compounds than to add to the unsaturated bond. There is 
some evidence that the addition of an amino group to the carbonyl 
activates the ethylene bonds in the maleyl radical. This may account 
for the greater readiness with which aspartamides and imides are fre- 
quently formed. 

dJ-Aspartic acid is a monoclinic crystalline solid melting at 270"^. 
It is very soluble in water, alcohol, and ether. It may be separated 
into the two optical forms. The d-acid melts at 251®, and the l-acid 
at 269 to 271®. The latter acid occurs as columnar rhombic leafs. 

Uses. Aspartic acid is a valuable intermediate for organic syn- 
theses. 5-Hydantoinacetic acid, carbamylaspartic acid, 2-amino- 
l,l,4,4-tetraphenyl-l,4-butanediol, diazosuccinic acid, and fumaryl- 
diaspartic acid are a few of the products that have been made from it. 

Aspartic acid is also used therapeutically as an amino acid, as a 
growth substance for yeast, in the production of penicillin, and to 
stabilize vitamin C and soap. 
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Procedure. One hundred and sixteen grams of fumaric acid and 
214 g. of ammonium chloride are placed in an autoclave, and 34 g. of 
ammonia is run in. The contents are carefully heated to 180°, which 
gives a pressure of 10 atmospheres. The temperature is then held at 
this point for one hour, giving a yield of aspartic acid of 60 to 65% 
of the theoretical amount, when the product is recovered in the usual 
manner. 

Other methods of preparing aspartic acid by treating maleic, fu- 
maric, or bromosuccinic acids with alcoholic or aqueous ammonia 
yield only 15 to 30% of the acid. 
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ASPARTYL LACTAM 


^NH 


2,5-Dioxo-3,6-piperazinediacetamide 

This lactam is very readily formed whenever there is a large excess 
of ammonia. It crystallizes as needles from water. These do not 
melt but decompose above 250°. The compound is insoluble in alcohol 
and ether. It is easily saponified to give crude sodium aspartate 
when refluxed with 6 N sodium hydroxide solution. An overall yield 
of 96% of crude aspartate is obtained in this manner. 

Use. To prepare pure aspartic acid, the saponified mixture is 
treated with copper acetate, and the crystalline copper salt formed is 
removed by filtration. This salt is then converted to the acid by dis- 
solving it in a normal solution of acetic acid and treating with hydro- 
gen sulfide. C.P. dl-acid (57% theory) may be prepared by repeat- 
ing this purification procedure. 

2,5-Dioxo-3,6-piperazinediacetamide has an interesting structure 
from the standpoint of chemical synthesis. The compound contains a 
large number of hydrophilic groups that might be used to advantage 
in surface active compounds. 
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2,6-Dioxo-3,6-piperazine- 

diacetamide 


Procedure. A solution of 172 g. of diethyl fumarate and 82 g. of 
dry ammonia gas in 1100 ml. of 99.85% ethanol is heated for 24 hours 
at 100° in a suitable pressure vessel. Proper precautions should be 
taken in handling such a mixture. 

The reaction mixture is then transferred to another vessel, and the 
solvent removed under reduced pressure. Any solids left in the pres- 
sure vessel are added to the residue, and the combined solids are 
crystallized from water. The yield of crude 2, 5-dioxo-3, 6-piperazine- 
diacetamide is practically quantitative by this method. 
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H IMINOTETRACARBOXYLIC ESTER 

9R(0R)2 

HN^ 

\H 

£>R(0R)2 


Tetraethyl Iminobissuccinate 

This reaction illustrates another manner in which ammonia can com- 
bine with maleyl compounds to give different products. The proce- 
dure obviously needs further study in view of the low yields, but 
clearly shown is the effect of high temperature and excess ammonia 
in favoring the addition of ammonia to two moles of the maleyl com- 
pound. The formation of amides is evidently partially prevented by 
the large amount of water present. 

The tetraethyl ester of iminobissuccinic acid is a viscous liquid, 65 
215-217®. It is soluble in alcohol and ether but insoluble in water. 
The acid has not yet been isolated. 

This compound would offer interesting possibilities as a polybasic 
ester for commercial organic synthesis if it could be obtained in favor- 
able yields. 
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Iminobissuccinio acid 


Procedure. Twenty grams of fumaric acid is dissolved in 38 ml. 
of aqueous ammonia of sp. gr. 0.908, to which 50 ml. of water has 
been added. This is placed in a pressure flask and heated with nec- 
essary precautions at 120 to 130° for 20 hours. Then the reacted mix- 
ture is heated in an open vessel on a water bath to free it of ammonia. 
It is then made acid to tropaeolin with hydrochloric acid and evapo- 
rated to a paste. The paste is extracted with cold water, the unreacted 
fumaric acid filtered off, and the extract allowed to evaporate upon 
a water bath. The residue is dried over concentrated sulfuric acid 
in a vacuum desiccator, extracted with absolute alcohol, filtered, and 
converted to esters in the customary manner. The mixture of esters 
is separated by distillation in vacuo after removal of the solvent. 
Three fractions are obtained in this way, namely, 3 g. of crude diethyl 
aspartate, 67 130-170°; a small amount of liquid of 67 170-215°; and 
2 g. bj 215-220°. The last fraction when redistilled yields pure 
tetraethyl iminobissuccinate. 


Reference 

Stadnikoff, G., Ber. 44, 52 (1911); J. Rus, Chem. Phya. Soc. 41, 900 (1911). 
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MONOAMIDES 


NH2 



Maleamic Acid 

The monoamides, maleamic and maleanilic acids, are formed when 
maleyl compounds react with ammonia, or primary or secondary 
amines under anhydrous conditions. 

N-Alkylmaleamic acids when heated at elevated temperatures are 
converted to the imides, whereas the ^mns-isomers, the fumaramic 
acids, produce largely N-alkylaspartic acids. N-Methylmaleimide 
volatilizes readily, yielding lachrymose vapors that are readily recog- 
nized as characteristics of this compound. 

Maleamic acid crystallizes as plates from water. These decompose 
at 152 to 153°, but melt at 172 to 173° if heated rapidly. Maleamic 
acid is soluble in water and hot alcohol. It is insoluble in ether, 
benzene, and chloroform. 

Use. This reaction of maleyl compounds in forming maleamic 
acids is important in the syntheses of certain sulfa-drugs, such as 4,4'- 
bis ()3-carboxyacrylylamino) diphenylsulfone, p- (2-thiazolyl) sulfamyl- 
maleanilic acid, and the like. 

N-Alkylmaleamic acids, as N-dodecylmaleamic acid, can be sul- 
fonated to give valuable lathering aids when added to detergents. 
Resins are readily produced from alkylmaleamic acid by polymeri- 
zation. 

N-Ethylmaleanilic acid is used in the separation of mixtures con- 
taining methyl, ethyl, and methyl ethyl alkylated toluidines. Male- 
anilic acid reacts with phosphorus oxychloride to give maleanilide 
dichlorophosphate. This anilinium salt is easily hydrolyzed to the 
maleanilide. 
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Procedure. A solution of 10 g. of maleic anhydride in 350 g. of 
dry benzene is saturated in a hood with anhydrous ammonia gas until 
the precipitation of the gummy ammonium salt is complete. The 
salt is removed and dissolved in water. This solution is heated until 
no further odor of ammonia is detected. It is then acidified with 
hydrochloric acid, which causes the maleamic acid to precipitate as 
fine crystals. The yield is 70% of the theoretical amount. 

N-Substituted maleamic acids may be prepared by similar proce- 
dures. They may also be synthesized by heating the reactants with- 
out a solvent at elevated temperatures under pressure; by treating 
maleimide with alcohols; and by allowing N-alkylfurfurylideneamines 
to react with maleic acid. 
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911 >NH 


MALEIMIDES 


N-Phenylmaleimide 

(Maleanil) 

Maleimides are usually obtained from the maleamic acids either by 
heating them at elevated temperatures or by treating their solutions 
with phosphorus pentoxide. N-Arylmaleimides, however, may be pre- 
pared directly from maleic anhydride and the anilines if a catalyst, 
such as thionyl chloride, is added to the reaction mixture at tempera- 
tures above 160°. Below this temperature, a-chloro-N-phenylsuc- 
cinimide and as]/m-N-phenylmaleimides are likely to be formed. 

Maleanils may also be prepared from maleanilic acids by this pro- 
cedure. This would indicate that maleanilic acids are first formed 
during the reaction in which the anils are produced directly from 
maleic anhydride. Phosphorus trichloride and acetyl chloride may 
also be used as catalysts in this procedure. 

N-Phenylmalcimide crystallizes from water as yellow needles, which 
melt according to some investigators at 90 to 91°, but according to 
others at 87.5 to 88.5°. The molten liquid boils under 12 mm. pressure 
at 162.1 to 163"^. N-Phenylmaleimide is soluble in benzene, chloro- 
form, alcohol, and ether, but only slightly soluble in petroleum ether 
and carbon disulfide. 

Heated with barium hydroxide and water, N-phenylmaleimide yields 
maleanilic acid. When allowed to react with aniline, it gives a-anilino- 
N-phenylsuccinimide. Maleanils also react, for example, with phenyl- 
hydroxylamines to form a-substituted maleimides such as a-anilino-N- 
phenylmaleimide. Maleimide itself reacts like maleic anhydride in 
Diels-Alder syntheses. 

Use, N-substituted maleimides are useful as insecticidal and fungi- 
cidal agents. They have been employed as preserving agents for stor- 
ing cottonseed, as modifying agents for treating rubber, and as re- 
actants in copolymerizations. N-alkylmaleimides have similar uses. 
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Procedure. A solution of 98 g. of maleic anhydride in 665 g. of 
o-chlorobenzene is heated to 180°, when 93 g. of aniline is added 
slowly to it. The mixture is then kept refluxing while 125 g. of thionyl 
chloride is added by means of a stream of air saturated with the 
chloride at 60°. The refluxing is continued for an hour to eliminate 
evolved gases. The bulk of the solvent is removed, and the product 
obtained by distillation in vacuo. The yield is 82 g., or 47% of 
theory. 
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asym-N-(p-Meihoxyphenyl)maleimide 

[N-(2,6-Dihydro-2-oxo-5-furylidene)-p-mcthoxyaiiiline] 


Compounds of this type are probably formed to some extent when 
any maleanilic acid is heated with acetyl chloride at temperatures 
below 160° ; but evidence for the formation of the asymmetrical isomer 
is complete only in the case of N-(p-alkoxyphenyl)maleimides. 
Here both the colorless asymmetrical and yellow symmetrical com- 
pounds have been isolated as separate entities. That the two forms 
are not physical isomerides has been confirmed from studies of their 
absorption spectra. The manner in which the asymmetrical com- 
pounds are formed would indicate that maleanilic acids exist in two 
tautomeric forms, namely, H 02 CCH=CHC 0 NHR' and HOaCCH^ 
CHC(=NR0OPI. See equation on opposite page. 

It is interesting to note that, although a-chloro-N-phenylsuccinimide 
may be formed by the reaction of acetyl chloride and N-phenylmale- 
amic acid, there is no evidence that acetyl chloride or acetic acid can 
add to saturate the C:C bond of maleic derivatives, such as occurs 
with some ethylene compounds. 

as?/m-N-(p“methoxyphenyl)maleimide crystallizes from dilute alco- 
hol as fine needles that melt at 145 to 146°. It is very soluble in 
benzene, ethyl acetate, acetone, and chloroform. It has a limited 
solubility in carbon tetrachloride and carbon disulfide, and it is almost 
insoluble in water and cold alcohol, but very soluble in boiling alcohol. 

The symmetrical anil consists of yellow needles that melt at 148.5° 
when pure. It is obtained mixed with the asymmetrical anil when 
p-methoxymaleanilic acid is heated with phosphorus pentoxide in 
toluene. 

The two compounds add bromine but at distinctly different rates. 

Use. No particular use has yet been made of these compounds. 
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p-Methoxymaleanilic acid 


aaym-N-(p-Methoxy- 
phenyl) maleirnide 


Procedure. A mixture of 5 g. of dry p-nictlioxymalcanilic acid, 
36 g. of acetone, and 15 g. of acetyl chloride is refluxed until solu- 
tion is completed. The reaction mixture is then evaporated by heat- 
ing it gently in a current of dry air. In this way all the solvent, 
any unreacted acetyl chloride, and volatile secondary products are 
removed. The crystalline residue that remains has a green color. It 
is collected on a filter and washed with a little alcohol, leaving a per- 
fectly colorless product that is then crystallized from dilute alcohol. 


References 

Piutti, A., Atti. reale cLCcad. Lincei, Claase aci. fia, mat. e nat. 17 (6), I, 635 (1908); 18 (6), 
312 (1909) ; Rend, accad. aci. fia. mat. e nat. Soc. reale Napoli 15 (3), 316 (1909). Cf.i 
Curtius, T., and Foosterling, H. A., J. prakt. Chem. 51, (2), 371 (1895). 

Piutti, A., and de’Conno, E., Mem. reale accad. Lincei, Claaae aci. fia. mod. e nat. 8 (6), 
793 (1911). 

Warren, W. H., and Grose, M. R., J. Am. Chem. Soc. 34, 1600 (1912). 


109 




9)1(NH2)2 


AMIDES 


Fumaramide 

Ammonia does not add to the C:C bond of maleyl compounds when 
they are allowed to react at ordinary or low temperatures, as is the 
case of this reaction and the one for maleamic acid that follows. 

Maleamide may also be prepared by this method, but, in such reac- 
tions, ammonia solutions have a tendency to cause maleic acid to 
isomerize to fumaric acid. This leads to very poor yields of pure 
maleamide. Only 24% has been obtained even when the reaction is 
carried out at 10°. 

Fumaramide occurs as needles that melt at 266° after carbonizing 
at lower temperatures, according to McMaster and Ijangreck. It is 
insoluble in water, but very soluble in alcohol and ether. 

Maleamide melts at 180 to 181°. When heated at its melting point, 
it is readily converted to fumaramide. A mixture of the two may be 
separated by dissolving in methyl alcohol in which the fumaramide is 
only slightly soluble. 

Uses. Molding resins are obtained by allowing these compounds to 
react with formaldehyde. Heating with zinc chloride converts them 
to the imide, which can then be copolymerized with chlorobutadienes 
to give synthetic rubbers. 

Substituted amides prepared with hydroxyalkylamines in a similar 
manner and then sulfonatcd yield useful lathering, foaming, penetrat- 
ing, and surface-modifying agents. The quinoline derivatives have 
been used as printing assistants and as therapeutic compounds. 
Amides from polyamines, when allowed to react with formaldehyde, 
produce resin finishing materials for textiles. 

Dehydration of fumaramide and maleamide with phosphorus pentox- 
idc yields the respective nitriles. These are reported to be valuable 
as insecticides and as agents for the synthesis of safety-glass adhesives, 
and of compounds like l,2-bis(4-methyl-2-thiazolyl) ethane and dithio- 
succinamide. 
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Procedure. A mixture of 9 g. of dimethyl fumarate and 35 ml. of 
aqueous ammonia of a sp. gr. of 0.90 is stirred occasionally for a 
period of 24 hours, during which time the fumaramide slowly separates 
as a white powder. This product is removed by filtration, dried on 
the filter, and then in an oven at 100°. The filtrate is saturated with 
gaseous ammonia that gives an additional amount of amide when 
allowed to stand for 24 hours. The total yield is 2.6 g., or 91 % of 
theory. 
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RNH9R(0H)2 


N-SUBSTITUTED ASPARTIC ACIDS 


N-Methylaspartic Acid 

The procedure given on the opposite page is a commercial one, 
where no attempt is made to isolate the aspartamides that are formed 
initially during the reaction. The preparation is a general one. It 
may be used with a wide variety of primary amines, including the 
alkyl, aryl, and various other substituted derivatives. Diamines react 
with only one molecule of the maleic anhydride in this preparation. 
Hydroxyl groups in substituted amines are generally non-reactive for 
all practical purposes. Thus m-aminophenol behaves like any other 
substituted amine. No mention is made, however, of p-aminophenol, 
which is described in other preparations as forming as2/m-N-(p-hy- 
droxyphenyl)maleimide and p-hydroxymaleanilic acid. 

N-Methylaspartic acid crystallizes from water as monoclinic prisms 
containing one mole of coordinated water. This hydrate melts at 133 
to 134°. When heated slowly at 100°, it loses water to form the 
anhydrous acid melting at 178°. It is very soluble in hot water, 
giving a strongly acid aqueous solution. It has limited solubility in 
cold water but dissolves readily in dilute alkalies. The monomethyl 
ester melts at 181.5°. The diethyl ester is an oil that is only slightly 
soluble in water, but very soluble in acid solutions. 

Uses. N-Substituted aspartic acids contain two reactive carboxyl 
groups besides a reactive secondary amino radical. They are reactants 
in the manufacture of several dyestuffs, synthetic tanning agents, 
emulsifying agents, non-foaming wetting agents, detergents, textile 
assistants, rapidogens for dyeing, and related types of substances. 
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Procedure. A mixture of 500 g. of maleic anhydride, 200 ml. of 
water, and 750 g. of methylamine is heated at 90° for 15 hours. Then 
1150 g. of 40° Be sodium hydroxide solution is added, and the stirring 
is contained at 90° for an additional 20 hours. The resulting solution 
is treated with animal charcoal, then filtered, and the filtrate is con- 
centrated under partial pressure. The sodium N-methylaspartate ob- 
tained in this way is dissolved in alcohol, and concentrated hydro- 
chloric acid is added until the solution is acid to Congo paper. The 
salt that precipitates is removed, and then the alcohol is evaporated 
off with the aid of vacuo. The residue is then redissolved in alcohol 
to remove any remaining salt. Evaporation of this solution gives a 
yellow oil that solidifies to a crystalline mass upon standing. 
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ASPARTAMIC ACIDS 



‘ ‘/3”- Asparagine 


Maleic anhydride reacts with a concentrated solution of ammonia in absolute 
alcohol to give a separable mixture of d- and ^-asparagines as shown. 
2-^ ^-Asparagine is the one commonly found in nature. It is an a-aminosuc- 
cinamic acid, with the amino groups attached to the 2- and 4-carbons. These 
stereoisomers of “jS’ ^-asparagine apparently do not form a racemic product. 
Racemic acids, however, have been obtained from equal molecular mixtures of 
the dr and 2-isomers of some of the derivatives of asparagine. 

Asparagine may also be prepared from the jS-monoethyl ester of 2-aspartic 
acid, from 2-aspartamide, and from 2,5-dioxo-3,6-piperazinediacetamide. 

The isomeric ^-asparagine, with the amino groups attached to adjacent 
carbons, may be obtained as the inactive acid by treating d2-aspartic acid with 
an alcoholic solution of ammonia, or by reducing jS-aminomaleamic acid with 
aluminum amalgam. 

The product obtained in this preparation is a crystalline solid that decom- 
poses on heating at 182 to 183°. It is soluble in hot water but only slightly 
soluble in cold water. Prolonged heating in this liquid causes it to decompose. 
The mixture is practically insoluble in absolute alcohol. 

The dr and 2-“j3’ ^-optical isomers obtained from it occur as rhombic bi- 
sphenoids. When heated in a closed tube, both melt at 226° and decompose at 
234 to 235°. They have a density c2i^ *** of 1.5434. 

The c22-^^a’^-asparagin crystallizes as triclinic pinacoidal tablets containing 
one mole of water. This water is lost at 100° when the compound is heated 
under partial vacuum. This asparagine decomposes at 213 to 215° without 
melting and has a d\^^ of 1.4550. It is very soluble in hot water, moderately 
soluble in cold water, and insoluble in alcohol and ether. 

Use* 2-^ ^-Asparagine is used as a growth substance for yeast and other 
molds. Its mercury salt has been employed in the treatment of certain in- 
fectious diseases. Extensive studies have been made of its biochemical prop- 
erties. It reacts with formaldehyde to yield the N^-methylene derivative, 
which upon oxidation with hypobromite gives 5-bromo-6-oxo-4-pyrimidine- 
carboxylic acid. 

This preparation is a convenient one for obtaining c2-*^/3’ ^-asparagine, since 
this optical isomer is only found in very small amounts in nature. 
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Procedure. To a saturated solution of 10 g. of ammonia in absolute ethanol 
is added 1 g. of maleic anhydride. This is placed in a tube that is sealed and 
heated at 105 to 110° until a light yellow resin has formed. This resin is dis- 
solved in water and then treated with Peligato^s copper oxide, which gradually 
gives rise to small crystals of the insoluble copper salt of the asparagines. These 
asparagine salts are then removed, suspended in water, and decomposed with 
hydrogen sulfide. This yields a mixture of d- and ^-asparagines that may 
be separated by fractional crystallization. The yield of these asparagines is 
approximately 25%, based on the weight of maleic anhydride taken. The 
Wsomer has the same optical rotation as the product obtained from natural 
sources. Larger quantities may be more conveniently prepared by carrying 
out the reaction in a bronze autoclave. 
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RNH9ll(NHR)2 


ASPARTAMIDES 


di-N,N',N"-Trimethyla8partamide 

(N-Methylaspartylbismethylamide) 


Complete amination takes place when maleates are heated under 
pressure with amines in an anhydrous solvent, such as absolute alcohol. 
Since the conditions are favorable here to the saturation of the olefin 
bond of the maleates, esters of the substituted aspartic acid are also 
formed as one of the products. Contrary to what takes place at lower 
temperatures, it would appear that in this preparation the saturation 
of the maleate precedes that of the formation of the amide. Compare, 
for example, this preparation with the one given for fumaramide. 

dl-N,N',N"-Trimethylaspartamide, when pure, occurs as long color- 
less needles. The product is very soluble in water and alcohol but 
practically insoluble in absolute ether. Both the aqueous and alcoholic 
solutions are strongly alkaline. When heated in water, this product 
loses methylamine to form the aspartamic acid. 
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Procedure. Twelve grams of diethyl maleate is placed in a tube, 
and 50 ml. of a 33% solution of methylamine in absolute ethanol is 
added to it. The tube is then sealed and heated for 8 to 10 hours at 
105 to 110°. Two products are formed, a solid consisting of a mass 
of fine needle crystals and a liquid. Several volumes of ether are 
then added to the mixture, and the crystals are removed by filtration. 
When dry, they are recrystallized from absolute alcohol. Additional 
amide is obtained from the alcoholic-ether mother liquor in addition 
to the liquid product, which is diethyl N-mcthylaspartate. 
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HETEROCYCLOAMINOSUCCINIC ACIDS 


Piperidinesuccinic Acid 

Heterocyclic secondary amines readily react to saturate maleyl com- 
pounds, especially the esters of maleic acid. They apparently do not 
spit off alcohol to form the amides as easily as other amines. Hence 
aspartic esters can be produced directly by reaction with maleic esters 
as shown. 

Heterocyclic compounds, such as piperazine, which contain two sec- 
ondary amino groups react with two moles of the ester to yield disuc- 
cinic acids. 

The pure ethyl ester of piperidinesuccinic acid boils under 10 mm. 
pressure at 159°. It has a density when freshly prepared of 
1.0469. It is soluble in alcohol and ether but insoluble in water. 

Use. No commercial use has as yet been made of these derivatives 
of succinic acid. They offer, however, many possibilities as inter- 
mediates in chemical synthesis. 
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Procedure. A mixture of 92 g. of piperidine and 156 g. of diethyl 
fumarate is carefully digested on a water bath for 8 to 10 hours. The 
reaction is an exothermic one. The oily product obtained upon com- 
pletion of the reaction is then distilled under 1 mm. pressure, and the 
largest fraction boiling at 162 to 164° is collected and redistilled to 
obtain a pure product. 
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QUATERNARY AMMONIUM SUCCINIC ACIDS 


Succinic Acid Isoquinolinium Betaine 

Tertiary amines also readily add to saturate the C:C bond of maleyl 
compounds at temperatures above 100°, by forming the quaternary 
ammonium intramolecular salts of the betaine type. The ammonium 
acid maleates are formed first. Addition to the unsaturated bond can 
then take place through a transfer of the hydrogen atom of the iso- 
quinolinium ion to the ^-carbon of the ethylene group of the maleate. 
Substituted succinates of this type have been prepared from a variety 
of tertiary amines including pyridine, a-picoline, collidine, lutidines, 
2-styrylquinoline, N-alkylpiperidine, N-alkyltetrahydroisoquinolines, 
methylolalkylaryl amines, and dimethylolalkylamines. The pyridin- 
ium betaine yields acrylic acid upon heating. Similar compounds 
may possibly be formed with antipyrine, pyramidone, and other ter- 
tiary amines. 

Succinic acid isoquinolinium betaine crystallizes from water with one 
mole of solvent and melts at 149 to 150°. The aqueous-free intrasalt 
can be prepared from it. It melts at 151 to 152°. It is soluble in 
alcohol, acetone, and chloroform, only slightly soluble in water, and 
very slightly soluble in ether and carbon tetrachloride. 

Use. Products containing a long-chain alkyl group, such as suc- 
cinic acid N-dodecyltetrahydroisoquinolinium betaine, can be used as 
wetting, washing, emulsifying, and dispersing agents. Compounds of 
such structures are of interest in synthesizing new fungicides, insecti- 
cides, textile assistants, corrosion inhibitors, dye stabilizers, and phar- 
maceuticals. 
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Procedure. Separate solutions are prepared of 32.5 g. of isoquino- 
line and 29 g. of maleic acid in absolute ether. Upon mixing, iso- 
quinolinium acid maleate is precipitated. This precipitate is removed 
by filtration, washed, and dried. It is then rapidly heated to its 
melting point at 103° and held at this temperature for a few minutes. 
Rapid conversion to the betaine salt takes place. The betaine salt is 
then purified by dissolving in hot water and treating with animal 
charcoal. The yield is 82% of theory. 

An alternate method is to prepare an aqueous or alcoholic solution 
of the mixture of equivalent amounts of the amine and acid, and allow 
this to stand at room temperature for two weeks, and then to recover 
the betaine salt that is slowly formed. 

Intrasalts of this type have also been prepared from a,j^-dibromosuc- 
cinic acid. 
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N-HYDROXYPHENYLTRIMALEIMIDE 


2,4,6-Trimaleimidophenol 

[2,4,6-Trimaleylpicramine 
or N,N',N"-(2-Hydroxy-«-phenenyl)tri-maleiinide] 


This reaction is interesting since it takes place readily at room 
temperatures. Since triaminophenol is very susceptible to oxidation, 
the preparation has to be carried out in an inert atmosphere. Use 
of the hydrochloride instead of the free-base of triaminophenol has 
not given satisfactory results. 

2,4,6-Trimaleimidophenol is a light yellow solid melting at 200°. 
It is soluble in methyl alcohol, ethyl alcohol, and acetic acid. Treated 
with concentrated nitric acid, it reacts violently to yield dimaleimido- 
quinone, a crystalline product soluble in alcohol that melts at 93°. 

The corresponding trimaleamic acid has been obtained as a brown 
powder when trimaleamidophenol is saponified with potassium hydrox- 
ide, It melts at about 150°. Its silver salt prepared in red light 
occurs as lustrous gray crystals. 

Use, No use has yet been made of this compound. 
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2,4,6-Triaminophenol 



Procedure. An anhydrous benzene solution containing 2.94 g. of. 
maleic anhydride is placed in a separatory funnel and run into a closed 
vessel containing 0.53 g. of sodium carbonate dissolved in freshly 
distilled water. Nitrogen is then bubbled through the solution to 
remove all traces of air from the vessel. An absolute alcohol solution 
containing 2.48 g. of 2,4,6-triaminophenol hydrochloride is then care- 
fully added to the mixture through the separatory funnel. A light 
yellow product is formed. This is removed and dried at 100°. 

Reference 

Covello, M., Gazz. chim. Ual. 63, 617 (1933). 
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H 

ArNHNH9ll(NHNHAr) 


HYDRAZIDES 


N^-Anilinoaspartic Acid BisCl-phenylhydrazide) 

Addition of a hydrazine to the C:C bond of maleyl compounds takes 
place only at elevated temperatures, as with the amines. An excess 
of the hydrazine favors the formation of the bishydrazide of the addi- 
tion product, as shown in this preparation, whereas equivalent amounts 
of reactants lead to the production of 6-oxo-3-pyrazolidenecarboxylic 
acids {q,v.)y such as obtained upon the hydrolysis of the N“-anilino- 
aspartic acid bis(l-phenylhydrazides). 

N“-Anilinoaspartic acid bis(l-phenylhydrazide) occurs as irregular 
crystals that melt at 199 to 200°. It is insoluble in water and ether, 
but readily dissolves in boiling alcohol. It shows the usual reactions 
for hydrazine. It is reduced by Fehling solution upon standing in the 
cold. Strong acids and alkalies dissolve the compound by hydrolyz- 
ing it. 
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ArNHNHj 


HYDRAZINES I 



Procedure. A mixture of 116 g. of fumaric or maleic acid and 
108 g. of phenylhydrazine is heated to 120°. At this temperature the 
mass slowly becomes liquid and loses water and some carbon dioxide. 
The temperature is then raised to 140° and held at this point for half 
an hour. The resulting sirup is treated with hot alcohol, giving a solu- 
tion that yields a crystalline mass upon cooling. The crystals are 
removed and recrystallized twice from hot alcohol. The yield is 80% 
of theory. 

Reference 

Duden, P., Ber. 26, 119 (1893). 
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CYCLIC HYDRAZINES 


H 

ArNNH— 9110H 


5-Oxo-l-phenyl-3-pyrazolidenecarboxylic Acid 

Both the amino groups of hydrazines are capable of reacting with 
maleyl compounds unless one of the amino groups is completely sub- 
stituted. Thus even a greater number of derivatives of maleic acid 
may be formed from the hydrazine than from the amines. When 
conditions arc favorable to the saturation of the C:C 'group of the 
maleyl bond, 5-oxo-3-pyrazolidenecarboxylic acids are obtained. A 
large amount of resinification, however, usually accompanies such 
reactions so that only part of the maleic acid is actually used in form- 
ing the product of this preparation. 

5-Oxo-l-phenyl-3-pyrazolidenecarboxylic acid crystallizes from al- 
cohol as concentrically arranged needles, which melt at 210 to 212°. 
It shows very slight solubility in cold water, but it dissolves readily 
in hot water. The aqueous solutions have a strong acidic reaction, and 
give a neutral equivalent for a monobasic acid. 

Use. This compound may be used for a number of organic syn- 
theses. Ferric chloride, for example, readily oxidizes it to the pyrro- 
lone. This latter compound may then be used as a reactant in pre- 
paring coupling agents for color photography. 
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HYDRAZINES II 


ArNH— NHa 


Phenylhydrazine 



Phenylhydrazine Maleic acid ^ 5-Oxo-l-pheny-3- 

pyrazolidene 
carboxylic acid 


Procedure. A mixture of 116 g. of maleic acid and 108 g. of phen- 
ylhydrazine is heated to 110°, at which temperature water and carbon 
dioxide are evolved. The temperature is then raised to 125° until 
completion of the reaction. This produces a brown sirup that is 
extracted several times with alcohol. The combined extracts are then 
evaporated, and the product so obtained is recrystallizcd twice from 
alcohol to yield 50% of the theoretical amount of pure acid. The 
remainder of the maleic acid is apparently consumed in producing 
resinous derivatives. 

Reference 

Duden, P., Ber, 26, 119 (1893). 
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9Jl>NNHAr 


N-AMINOMALEIMIDES 


N-Anilinomaleimide 

Solvents have a marked effect on the type of product produced by 
hydrazines. N-Aminomaleimides or their analogs arc the major prod- 
ucts when hydrazines combine with maleic acid or its anhydride in 
glacial acetic acid. Several substituted N-(arylamino)maleimides 
may be prepared by this procedure. Their yellow color indicates that 
they are the symmetrical compounds. However, if aqueous acetic 
acid is substituted for the glacial solvent, N-a-(dianilino)aspartimide 
is formed instead of the maleimide from phenylhydrazine and maleic 
acid. 

asym-Aminomaleimide, however, is the major product when hydra- 
zine hydrate reacts with maleic anhydride in alcohol. This is a 
white powder. See as]/m-N-(p-mcthoxyphenyl)maleimidc. The 
other product formed in fairly large amounts is the cyclic N,N'- 
hydrazide; l,2-dihydro-3,6-pyridazinedione [q.v.). 

N-Anilinomaleimide occurs as yellowish plates or needles. The 
product darkens at 180° and then melts at about 260° (259 to 260° 
according to Duden, 260 to 261° according to Hotte, and 265° accord- 
ing to Jolles). It is soluble in alkalies and is reprccipitated by con- 
centrated acid. 
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ArNHNHj 


HYDRAZINES III 


Phenylhydrazine 


H 


V :h 

JC-C 


O 


H 


HBCeN-N|H2 + Q. 




Phenylhydrazine + 


"C~C 

Maleic • 
anhydride 


H .C-C 
H^Ce-N-N^ I 

c— c 

& “ 

N-Anilinomaleimide 


Procedure. A glacial acetic acid solution containing 5 g. of maleic 
anhydride and 5.5 g. of phenylhydrazine is heated to boiling and 
allowed to reflux for 20 minutes. The reaction mixture is then diluted 
with water, which precipitates the maleimide. This is removed and 
recrystallized from alcohol three times. 


References 

Jolles, E., Gazz. chim. ital. 66, 717 (193G). Cf.i 
Curtius, T., and Foersterling, H. A., J. prakt. Chem. 51 (2), 371 (1896). 
Duden P., Ber. 26, 121 (1893). 

Hotte, B., J. prakt. Chem. 35 (2), 295 (1887). 
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CYCLIC HYDRAZIDE 


NH 



1 ,2-Dihydro-3,6-Pyridazinedione 

(N,N'-Maleyl Hydrazide) 


A further example of the polyfunctional character of hydrazines is 
illustrated by the formation of l,2-dihydro-3,6-pyridazinedione when 
maleic acid reacts hydrazine hydrate. The compound is one of the 
products, even when sufficient alcohol is present to precipitate asym- 
aminomaleimide, which is the major product under these conditions. 
It is possible that l,2-dihydro-3,6-pyridazinedione may be formed 
from the asi/m-aminomaleimide by simple molecular rearrangement. 
This is most favored by the conditions given on the opposite page. 
Two other products are also formed in this reaction. Neither of these 
has been completely characterized. Both are formed in relatively 
small amounts and are yellow in color. Neither is a salt of maleic 
acid according to Curtius and Foesterling. See comments by Mizzoni 
and Spoerri in reference given on opposite page. 

l,2-Dihydro-3,6-pyridazinedione is obtained as small, colorless crys- 
tals that do not melt below 250°. The compound is very soluble in 
hot alcohol. It is easily dissolved in hot water or acetic acid. The 
aqueous solution is distinctly acidic. 

Use, Several interesting applications are being studied at present. 
These include the use of the diethanolammonium salt as a selective 
herbicide, and as an agent to inhibit growth of shrubs and to delay the 
flowering of fruits. 
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HsNNHj 


HYDRAZINES IV 


Hydrazine Hydrate 


H-N 



H 

H 

0 


H 

Of-C-C 


1 

-h 

HIS 

\ H 0 

H 


Ohc-C 
“ & “ 




Hydrazine -f Maleic acid 


HN (jJH 

HN CH 
C 

II 

O 

1 , 2-Dihy dro3 ,6-py rid- 
azinedione 


Procedure. Fifty grams of hydrazine hydrate is added to a solu- 
tion of 98 g. of maleic anhydride, which has been dissolved in a small 
amount of water. Alcohol is then slowly added to the mixture, care 
being taken not to add enough to precipitate the ast/m-N-aminomalei- 
mide that is first formed. The reaction mixture is then heated on a 
water bath. When the mixture is cooled, crystals of the pyridazine- 
dione are obtained. These are separated and recrystallized from hot 
alcohol or water. 


Reference 

Curtius, T., and Foesterling, H. A., J. prakt. Chem. 51 (2), 371 (1896). C/..* 

Arndt, F., et al., Hev. fdculti sci. univ. latambul 9A, 19 (1944); 13A, 103 (1948); C.A. 
40, 1787»; 43, 679d (1950), 

Currier, H. B., and Crafts, A. S., Science 111, 162 (1950). 

Fuer, H., Bachmann, G. B., and White, E. H., J, Am, Chem. Soc. 73, 4716 (1961). 
Greulack, V. A., and Atchison, E,, Bull. Torrey Bot. Club 77, 262 (1960). 

Knott, J. E., Proc. Am. Soc. Hort. Sci. 55, 604 (1960). 

Mizzoni, R. H., and Spoerri, P. E,, J. Am. Chem. Soc. 73, 1873 (1951). 

Moore, R. H., Science 112, 60 (1950). 

Schoene, D. L., and Hoffmann, O. L., Science 109, 688 (1949). 

White, D. G., -Science 111, 303 (1960); Flower Grerwer 37 (No. 9), 28 (1960). 
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^9R(NHNH2)2 


HYDRAZIDES 


Fumaryl Dihydrazide 

Fumaric acid esters react with hydrazine hydrate to form the dihy- 
drazide. Unlike the analogous reaction with amines, considerable 
amounts of by-products are also formed simultaneously. The reac- 
tion, however, has been given very little detailed study, except to show 
that the formation of this dihydrazide is markedly influenced by sol- 
vents. For example, little or no dihydrazide is obtained when alcohol 
is employed as a diluent, as might be expected from the reaction with 
maleic anhydride. This is another example of how a complex reaction 
between the polyfunctional reactant hydrazine and polyfunctional 
maleyl compounds can be controlled to give different products. 

Fumaryl dihydrazide crystallizes as glistening plates from alcohol. 
These are yellow in color and melt at 200°. They decompose when 
heated to 220°. The dihydrazide is only slightly soluble in cold water 
but readily so in hot water. It is insoluble in ether. 

It reacts with acetone and benzaldehyde to form hydrazones, and 
with nitrous acid to give the explosive azide that can be converted to 
the carbamide. 
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HjNNHi 


HYDRAZINES V 


Hydrazine Hydrate 



Hydrazine hydrate -f Dimethyl fumarate >• Fumaryl dihydrazide 


Procedure, A mixture of 100 g. of hydrazine hydrate and 150 g. 
of dimethyl fumarate is heated rapidly until the ester completely dis- 
solves. Complete reaction takes place almost immediately. Upon 
cooling the reaction mixture, an oil is obtained that when allowed to 
stand several hours in the desiccator readily solidifies. The resulting 
crystalline solid is then recrystallized from a small amount of hot 
water. The yield is relatively poor owing to the formation of other 
products. 

References 

Radenhausen, R., J, prakt. Chem. 52 (2), 433 (1896). Cf.: 

Curtius, T., and Foesterling, H. A., J. prakt, Chem. 51 (2), 371 (1896). 
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OH 


ACYLHYDRAZONES 



(Ar)N==CHAr' 


Maleic Acid l-Benzylidene-2-phenylhydrazide 

Hydrazones react with maleic anhydride to form simple acylhydra- 
zones, which are derivatives of maleamic acid. Union takes place at 
the nitrogen atom of the hydrazone, which is alpha to the unsaturated 
— C— N — bond. Several analogs of maleic acid l-benzylidene-2- 
phenylhydrazide have been prepared by the procedure given. No 
reaction takes place, however, if the =NH group in the phenylhydra- 
zone is completely substituted, as is the case with l-benzylidine-2- 
methyl-2-phenylhydrazone. 

Pure maleic acid l-benzylidene-2-phenylhydrazide occurs as yellow 
crystals that melt at 123 to 124°. The compound is very soluble in 
acetone and chloroform. It is less soluble in alcohol and only very 
slightly soluble in benzene. It is practically insoluble in petroleum 
ether. 
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ArCH=N— NHAr' 


HYDRAZONES 


Benzaldehyde Phenylhydrazone 


C.H, 
H I 
H,C.C=N— N-> 


H-» 


0 


0 


\ 


H 

I— C 


C-ft 


Benzaldehyde phenylhydrazone + Maleic anhydride 


Cdli 0 


H 


H,C,C=N— N 



HOC— C 

A ” 


Maleic acid 

l>benzylidene-2-phenylhydraiide 


Procedure. Ninety-eight grams of maleic anhydride and 196 g. of 
benzaldehyde phenylhydrazone are dissolved separately in simmering 
benzene. The two solutions are then mixed while still hot, which 
causes them to turn dark red. The product is also dark in color until 
purified by recrystallization from alcohol. 


Reference 

La Parola, G., Oazz, chim, Ual, 65, 624 (1934). C/.; 

Dutt, D. B., and Guha, P. C., J, Indian Chem. Soc, 27, 151 (1950). 
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BISPYRROLIDINE 



1,2, 3,5,6, 7-Hexahydro-3, 7-diphenylpyrazolo[l, 2]pyrazole- 
1,2,5,6-tetracarboxylic Dianhydride 

(4,8-Diphenyl-l,5-diazabicyclo[3.3.0]octane-2,3,6,7-tetracarboxylic 

Dianbydride) 


Certain osazones, such as benzaldehyde azine and anisaldehyde 
azine, react with two moles of maleic anhydride to give what appar- 
ently is the bispyrrolidine compounds. The formation of these deriva- 
tives is believed to result from a 1,3-addition of the osazone, which 
is described as a “crisscross’’ addition. 

Other osazones, such as acetone azine, acetophenone azine, and 
acetaldehyde azine, and l,2-bis(benzylideneamino) ethane and 2,3- 
diphenyl-5,6-dihydropyrazine also combine with two moles of the 
anhydride, but the products are unsaturated. The latter addition 
products do not have definite melting points and behave as resins 
having intrasalt groupings. In no case has it been shown that com- 
pounds containing the conjugated — C:N — N:C — , — C:C — C:N — , or 
— N:C — C:N — group add maleic anhydride to form Diels-Alder 
adducts without isomerization. 

l,2,3,5,6,7-Hexahydro-3,7-diphenylpyrazolo[l,2]pyrazole-l,2,5,6-tet- 
racarboxylic dianhydride is obtained as a white powder that is 
insoluble in the common organic solvents except boiling glacial acetic 
acid and acetic anhydride. Alphen describes it as decomposing at 
298°; Wagner-Tauregg reports 243 to 244°. When dissolved in alkali 
and reprecipitated with an excess strong mineral acid, the acid is 
obtained as a crystalline powder melting at 253°. The acid may be 
recovered unchanged after boiling in 70% sulfuric acid solution for 
10 minutes. 
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AZINES I 


RR'C=N— N=CR"R'" 


Benzaldehyde Azine 
(Benzalazine) 
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HfiCe H 
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"V 
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HsC® H 
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Benzaldehyde + Maleic anhydride 
azine 


1 ,2,3, 5,6 J-Hexahydro-3. 7-diphenylpy ra- 
zole [1,2] pyrazole-l,2,5,6-tetraoarboxylio 
dianhydride 


Procedure. A mixture of 10 g. of maleic anhydride and 7.5 g. of 
benzaldehyde azine is heated for several hours at 100°. The reaction 
mixture melts at first and then solidifies. The solid obtained is 
extracted with several portions of boiling benzene and then with 
dry ether. This leaves a light brown powder from which the bispyr- 
rolidine product is left as a white powder after extraction with boiling 
alcohol. This powder is crystallized from boiling glacial acetic acid 
or boiling acetic anhydride. 


References 

van Alphen, J., Rec. trav, chim, 61, 892 (1942). Cf.: 
Wagner-Tauregg, T., Ber. 63, 3224 (1930). 
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CYCLIC UREIDES 


H 

NHCONH— 9R— NHCONHj 


S-Hydantoinacetylurea 
(5'Hydantoinacetic Acid Ureide) 


Urea does not react with maleates except in the presence of sodium 
ethoxide, when it unites to saturate the C:C bond by forming the 
cyclic ureides of succinic acid, namely, 5-hydantoinacetylurea and the 
5-hydantoinacetic acid ester. Both these compounds may be hydro- 
lyzed to give the acid. There is no evidence that the ureides of 
fumaric acid are formed during the reaction. 

5-Hydantoinacetic acid may also be prepared without a catalyst by 
heating urea and asparagine at 125° and then digesting the product 
with hydrochloric acid, or by allowing potassium cyanate to react 
with aspartic acid in normal potassium hydroxide solution. Car- 
bamylaspartic acid is formed when aspartic acid is heated with urea 
in the presence of barium hydroxide. 5-Hydantoinacetic acid may 
be prepared from this compound by digestion with concentrated hydro- 
chloric acid. 

5-Hydantoinacetylurea is a crystalline compound that melts at 273 
to 274° with decomposition. Methyl 5-hydantoinacetate melts at 
123° and the acid at 213 to 214° according to Jerzmanowska-Sien- 
kiewiczowa. Gabriel describes the crude acid as rhombic crystals 
melting at 119°, and when recrystallized as melting at 224 to 226°. 

Use. Compounds of this general type are useful as reactants in 
preparing possible bactericides and insecticides. 
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HjNCONH, 


CARBAMIDES 


Urea 


HN 

H h 

h9=o 

HN— 
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NH, 




Urea 


4- Dimethyl 
maleate 

^ 5-Hydantoinacetylurea 


Procedure. To a solution of 4 g. of sodium in 100 ml. of absolute 
alcohol is added 10.4 g. of urea and the mixture is carefully heated 
to 75 °. Then 10 g. of dimethyl maleate is run in through a separatory 
funnel, and the heating is continued for 15 minutes. This results in a 
precipitate of the acetureide. The reaction mixture is then cooled and 
filtered, and the recovered precipitate is washed with alcohol. The 
product is purified by dissolving it in water and precipitating with an 
excess of 20% hydrochloric acid. The yield of crude ureide is 30 to 
40% of theory. 

The filtrate contains 10% of methyl 6-hydantoinacetate. This 
product may be obtained by evaporating the filtrate and extracting 
the residue with acetone in a Sohxlet apparatus. 


References 

Jersmanowska-Sienkiewiczowa, Z., Rocmiki Chem, 15, 202, 510 (1935). C. A. 30, 2025*, 
2933* (1936). 

Gabriel, 8., Ann. 348, 87 (1906). 

Guaresohi, J., Gazz. chim. ital, 5, 245 (1875) ; 6, 370 (1876). 

Lippich, F., Ber. 41, 2953 (1909). 
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PRODUCTS FROM IMIDES 


OH 


9r/ 

NAr 


Maleanilic Acid 

There is no evidence that Schiff’s bases as such can react with 
maleyl compounds under anhydrous conditions. When addition 
occurs, it is with the tautomeric dienylaniline form of the base, as is 
the case with N-hexenylideneaniline {q.v,), N-Cinnamylideneaniline, 
for example, yields only 2% of maleanilic acid as product if the 
reactants are mixed in dry ether, benzene, or dioxane. The reaction, 
however, gives 96% of the theoretical amount of maleanilic acid 
when water is present. N-Benzylideneaniline and N-benzylidenean- 
thranilic acid behave in a similar manner. 

van Alphen reports that bases like N-benzylidenemethylamine and 
N-cinnamylidenemethylamine form unsaturated molecular addition 
compounds under certain conditions. His compounds were resinous 
in character without sharp melting points. Little is known about their 
molecular structure. 

Maleanilic acid occurs as yellow crystals that melt at 173 to 175°. 
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R=N— At 


SCHIFF’S BASES 


Benzylideneaniline 

(Benzalaniline) 


? H 
HOC-C 


HtCeN^-C 
Maleanilic aoid 

Procedure. Ninety-eight grams of freshly distilled maleic anhy- 
dride and 182 g. of pure benzylideneaniline (m.p. 48 to 49°) are dis- 
solved separately in small amounts of alcohol, and the two solutions 
are warmed to 40 to 50° and mixed. Maleanilic acid is precipitated. 
It is separated and then recrystallized from alcohol. The filtrate con- 
tains benzaldehyde, which may be recognized by its odor and charac- 
terized by forming the addition compound with sodium bisulfite. 

References 

La Parola, G., Gazz. chim. iial. 64, 919 (1934). Cf.: 

Bergmann, F., /, Am, Chem. Soc. 60, 2811 (1938). 

Herz, W., J. Am. Chem. Soc. 67, 1854 (1946). 

Lora Tamayo, M., and Vanes, J. F., AnalesfU. y qiiim. (Spain) 43, 777 (1947) ; C. A. 42, 
1671d (1948). 

Snyder, H. R., Hasbrouck, R. B., and Richardson, J. F., J. Am. Chem. Soc. 61, 3668 
(1939). 

van Alphen, J., Rec. trav. chim. 61, 896 (1942). 
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N-HYDROXYASPARTANILS 


OH 

I H 

ArN— 9R>NAr' 


a-(N-Hydroxyanilino)-N“Phenyl8UCcinimide 

(2,5>Dioxo-l>phenyl-3-phenylhydroxylaminopyrroIidine) 

and 

a-Anilino-N-Phenylmaleimide 

(3>Anilino-2,5-dioxo-l-phenyI-3-p3rrroline) 


Substituted hydroxy lamines add to the C:C bond of maleyl com- 
pounds in the same manner as substituted amines, as shown here in 
the reaction with N-phenylmaleimide. When the reactants are re- 
fluxed for 4 hours, instead of 30 minutes, however, water is gradually 
split off between the hydrogen of the )8-succinyl group of the pyrroli- 
dine and the hydroxyl attached to the nitrogen of the a-amino group. 
This leads to the formation of a-anilino-N-phenylmaleimide, as shown 
in the equation. This latter compound may also be prepared from 
a- (N-hydroxyanilino) succinimide. 

The method given is a general one, since several analogs of these 
compounds have been made in this way. 

a-(N-Hydroxyanilino)-N-phenylsuccinimide is a crystalline solid 
that melts at 189°; a-anilino-N-phenylmaleimide melts at 238°. 
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ArNHOH 


HYDROXYLAMINES 


Phenylhydroxylamine 


HO-N-v C-C 

I +11 ^NCeH,- 

C-C 
H II 
0 

N-Phenylhydrox- + N-Phenyl- 
ylamine maleimide 


y 

N— C-C 

ml 

^ H y 

0 

•• a-(N-HydroxyaniUno)-N- 
phenyisuccininiide 


N-C-C, 




a-Anilino-N-phenyl- 

maleimide 


Procedure. A pyridine solution containing 1.2 g. of phenylhydrox- 
ylamine and 2 g. of N-phenylmaleimide is refluxed for 30 minutes. 
Water is then added to the reaction mixture that precipitates the 
succinimide. This precipitate is removed and purified by recrystal- 
lization from alcohol. 

If the mixture is refluxed for 4 hours, instead of stopping the 
reaction at the end of half an hour, a-anilino-N-phenylmaleimide is 
obtained as a crystalline mass within the reaction mixture. It is 
purified in the same manner, by crystallization from alcohol. 

Reference 

Jolles, E., Oazz. chim. Ual. 66, 717 (1936). 
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ACYLASPARTIC ANHYDRIDE 


H 

ArC0NH9ll>0 


N-Benzoylaspartic Anhydride 

Both stereoisomers of benzaldehyde oxime react with maleic anhy- 
dride to produce N-benzoylaspartic anhydride. The reaction may be 
viewed as taking place in two steps, i.e., (1) addition of the oxime 
to the C:C bond of the maleyl compound, similar in manner to what 
takes place with pyrroles and (2) a Beckmann rearrangement 

of the resulting ketoxime to the N-acylaspartic anhydride. An even 
simpler mechanism would be to assume that the benzaldehyde oxime 
isomerizes during the reaction to benzamide, and that the addition 
takes place between the amino group of the amide and C:C group 
of the anhydride. That small amounts of carbon dioxide and carbon 
monoxide are evolved during the reaction and that a considerable 
quantity of benzaldehyde is formed would indicate, however, that the 
reaction is far more complex than shown by either of these mechanisms. 
Maleic acid reacts with the oxime to give benzaldehyde. 

N-Benzoylaspartic anhydride melts at 154 It is very soluble in 
cold water but only slightly soluble in cold alcohol, acetone, ether, 
and benzene. It readily absorbs water from the air to give the mono- 
hydrate of the acid, which may also be obtained by dissolving the 
anhydride in water. The monohydrate softens and loses water when 
dried at 75 to 80 or when confined under reduced pressure over 
concentrated sulfuric acid. When heated over a flame, it melts at 
119*^, solidifying again at about 125 to 130° and finally melting at 
154° as the anhydride. 

Use. The method described on the opposite page is a very con- 
venient one for preparing N-acyl derivatives of aspartic and other 
amino acids. N-Toluylaspartic acid and N-(methoxybenzoyl) aspar- 
tic acid have been prepared in this way. The yield of the methoxy 
derivative is 70%, as compared to only 50% for N-benzoylaspartic 
acid. 
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ArC=NOH 


OXIMES 


Benzaldehyde Oxime 
(Benzaldoxime) 
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Benzaldehyde oxime + Maleic anhydride >• N-Benzoylaspartio anhydride 


Procedure. A mixture of 1.6 g. of maleic anhydride and 2 g. of 
a- or jS-benzaldehyde oxime in 7 ml. of benzene is cooled in a freezing 
mixture and then carefully brought to a ‘boil in a hood and refluxed 
on a water bath for an hour. During this time, small amounts of both 
carbon dioxide and carbon monoxide are evolved. The solution turns 
dark yellow in color, and the product is precipitated as a white crystal- 
line solid. When the reaction is complete, the crystals are removed by 
filtration and washed several times with small amounts of benzene. 
The yield of crude anhydride obtained in this way is approximately 
50% of theory. The filtrate contains benzaldehyde from the re- 
mainder of the oxime. 


Reference 

La Parola, G., Gazz. chim. ital. 67, 481 (1937); 73, 94 (1943). 
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R BICYCLOPYRROLIDONECARBOXYLIC ACIDS 

CH 



H 

2,4-Diethyl“7-oxo-6-phenyl-6-azabicyclo[3.2.1]-3-octene- 
8-carboxylic Acid 


Schiff’s bases from aniline and 2-alkenals are apparently tautomeric 
mixtures of the base and the conjugated N-alkadienylaniline. In 
the latter form these bases add maleic anhydride like any other diene. 
Hence this reaction may be looked upon as a simple Diels-Alder 
addition, where the reactant rearranges to yield the more stable 
bicyclopyrrolidonecarboxylic acid, instead of the usual substituted 
tetrahydrophthalic anhydride. The dimethyl analog of the above 
azabicyclopyrrolidonecarboxylic acid has also been prepared. 

These reactions are further illustrations of the affinity of amino 
radicals for the carbonyl groups of the maleyl compounds. There is 
no evidence that the conjugated — C=C— C=N— grouping in the 
normal form of the Schiff’s base undergoes Diels-Alder addition in 
this reaction. The high yield of the azabicyclic product would in- 
dicate that the reaction takes place exclusively with N-alkadienyl- 
tautomer. Hetro conjugated groups generally do not react as dienes 
toward maleic anhydride as pointed out under azines iq.v.). Diels- 
Alder adducts apparently are only formed when isomerization takes 
place, as occurs here and in the reaction with 2,3-dimethylquinoxaline 
iq.v.). 

2,4-Diethyl-7-oxo-6-phenyl-6-azabicyclo [3.2.1 ] -3-octene-8-carbox- 
ylic acid can also be prepared from maleanilic acid and 2-ethyl-2- 
hexenal, but not from N-phenylmaleimide nor the substituted buta- 
diene. The yield from maleanilic acid is 60 to 70^, which is 10 to 
15% less than obtained by the method described here. 

2,4-Diethyl-7-oxo-6-phenyl-2-azabicyclo [3.2.1 ] -3-octene-8-carbox- 
ylic acid is deposited from alcohol as colorless crystals that melt at 
145 to 146°. The compound is soluble in sodium carbonate solutions, 
from which it can be recovered by precipitation with acid. It is also 
soluble in dilute alcohol solutions. Mixtures of products made by 
the two methods show no lowering in melting points. 

Use. These methods are a convenient means for preparing substi- 
tuted pyrrolidone compounds for various uses. 
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ALKENYUDENEANILINES 
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2-£thyl-2>hexei]iylideneamline 


H5<f. 

H.O,C 

HC 

II 

HjCeNJ 



2-Ethyl-2-hexenylideneaniIine + Maleic 

anhydride 
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2 , 4- Diethy l-7-oxo-6-pheny 1-6- 
azabicyclol3.2. l]-3-octene-8- 
carboxylic acid 


Procedure. A solution containing 67 g. of 2-ethyl-2-hexenylidene- 
aniline and 32.7 g. of maleic anhydride in 434 ml. of anhydrous 
benzene is allowed to stand for 2 hours in a dry atmosphere. The 
small amount of maleanilic acid that is precipitated is removed by 
filtration, and the reaction mixture is heated for 3 hours, continuing 
to exclude any atmospheric moisture. The mixture is set aside for 
several days for crystallization to take place. If necessary, it is seeded 
with a few crystals of the product. When complete, the solid mass 
is removed and purified by recrystallization from alcohol. A yield 
of 75 to 80% of theory is obtained in this manner. 


References 

Snyder, H. R., Hasbrouck, R. B., and Richardson, J. F., J, Am. Chem. Soc. 61, 3568 
(1939). Cf.i 

Snyder, H. R., and Robinson, J. C,, Jr., J. Am. Chem. Soc, 63, 3279 (1941). 
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PRODUCTS FROM AZINES 


OH 

9r/ 

^NHN=CHAr 


Maleic Acid Benzylidenehydrazide 
(Benzalmaleinhy drazide ) 

At ordinary temperatures azines, such as benzaldehyde azine, do 
not react with maleic anhydride unless water is present. When water 
is added, a reaction similar to that with Schiff^s bases takes place, as 
shown. This results in the formation of an acylhydrazone. In the 
absence of water and solvents, however, azines react at 100° to form 
tough yellow or dark-colored resins. With an excess of maleic anhy- 
dride, they produce what appears to be bispyrrolidine compounds 
{q.v.). 

Maleic acid benzylidenehydrazide is practically insoluble in most 
common solvents. When recrystallized from acetonitrile, it melts at 
183°. 

Use. No industrial use has yet been made of these compounds. 
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Maleic acid 
benzylidene- 
hydrazide 


Procedure. A solution is prepared containing 5.2 g. of benzalde- 
hyde azine, 2.5 g. maleic anhydride, and 75 ml. of ether that has been 
saturated with water. This is allowed to stand for 4 days. The 
hydrazide formed is then collected on a filter, washed with ether, and 
recrystallized from acetonitrile. The yield in this case is 78% of 
theory. 

The other product of the reaction, benzaldehyde, may be recovered 
from the filtrate by means of a sodium bisulfite solution. The alde- 
hyde can then be regenerated and identified by preparing the phenyl- 
hydrazone. This hydrazone melts at 156 to 157"^. 

References 

Snyder, H. R., Levin, R. H., and Wiley, P. F., J, Am. Chem. Soc. 60, 2025 (1938). C/.: 

Caronna, G., Gazz. chim. ital. 77, 427,482 (1947); 78, 38, (1948). 
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PYRROLE — ADDITION COMPOUNDS 


2-Methyl-5-pyrrolesuccinic Anhydride 

Heterocyclic compounds containing the conjugated pyrrole ring react 
with maleic anhydride in a very unexpected manner. Several different 
types of compounds may be formed during the process as a result of 
subsequent reactions. The initial reaction in most cases, however, 
appears to be one of the additions of the a-carbon of the pyrrole to 
the C:C bond of maleic anhydride. Union of either one or two mole- 
cules of the anhydride takes place at the carbon atoms in the 2- and 5- 
positions of the pyrrole ring. This addition takes place only if these 
carbons of the pyrrole are unsubstituted. Pyrrole, for example, adds 
two moles of maleic anhydride to form 2,5-pyrroledisuccinic anhydride, 
but this crystalline compound readily hydrolyzes in the reaction mix- 
ture at 60® to yield y,f-dioxosebacic acid, dilevulinic acid. N-Methyl- 
pyrrole adds maleic anhydride in a similar manner, but refluxing the 
reaction mixture causes decarboxylation to occur, producing N-methyl- 
2,5-pyrroledipropionic acid. a-Methylpyrrole as shown gives the pri- 
mary product, 2-methyl-5-pyrrolesuccinic anhydride. 

a-Methylindole, (x-methylbenzopyrrole, and N-a-dimethylindole, 
which have substituents attached to both the 2- and 5-pyrrole carbons, 
add maleic anhydride at the 3 -pyrrole carbon to yield a mixture of 
3-indolesuccinic acid and the a-3-indyl-/J-indylcarbonylpropionic acid, 
a-S-indyl-y-oxo-S-indolebutyric acid. Maleic anhydride reacts with 
two moles of indole in ethyl acetate to form 5a,10b,10c,ll-tetrahydro- 
y-oxoazetodiindole-6-a-butenoic acid, diindolemaleic acid. 

2-Methyl-5-pyrrolesuccinic anhydride is a crystalline compound 
melting at 134®. Its dimethyl ester melts at 71°. 

Uses. Compounds of similar structures have been used in perfumes, 
as rooting materials and as stabilizers for lubricants. 
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PYRROLES 
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4- Maleic acid 


2-Methyl-5-pyrrolesuccinio acid 


Procedure. In preparing a solution of maleic acid, 3.6 g. of the 
anhydride is first dissolved in 20 ml. of warm water. This solution 
is then cooled to room temperature and 1 g. of a-methylpyrrole is 
added to it. The mixture is shaken in a stoppered vessel until all 
the pyrrole is dissolved. If necessary, it is cooled from time to time 
to maintain a smooth reaction and to prevent the formation of fumaric 
acid from any marked increase in temperature. The reaction mixture 
becomes dark in color, and the product is precipitated as minute crys- 
tals. These crystals are collected by filtration, recrystallized from 
acetonitrile, and dried under reduced pressure over calcium chloride. 


References 

Diels, O., Alder, K., and Winter, D., Ann. 486, 211 (1931). C/.; 
Diels, 0., Alder, K., and Lubbert, W., Ann. 490, 277 (1931). 
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PYRAZINOTETRAHYDROPHTHALIC ANHYDRIDE 


NH— C— CH 2 


V\ 

NH— C— CH 
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l,2,3,4,5,10-Hexahydro-2,3-phenazinedicarboxylic Anhydride 
(l,2,3,4,4a,10a-Hexahydro-2,3-phenazinedicarboxylic Anhydride) 


Quinoxalincs, like other cyclic compounds containing the 
— N=:C — C=N — or — C=C — C=N — grouping within aromatic 
rings, generally do not react with maleic anhydride, but 2,3-dimethyl- 
quinoxaline is an exception. This compound, like hexenylideneanilincs 
(g.i;.), consists of a mixture of tautomers, one form of which does not 
contain a second aromatic ring embracing the conjugated grouping. 
It is this exo-diene form that apparently undergoes the Dicls-Alder 
type of condensation, as shown on the opposite page. As would be 
expected, quinoxaline, 2-mcthylquinoxalinc, 2-methyl-3-phenylquin- 
oxaline, and 2,3-diphenylquinoxaline do not react with maleic anhy- 
dride since they cannot form such a tautomer. Anthranil, which con- 
tains a similar — C=C— C=N — group between the two rings, reacts 
to form a colorless addition compound. However, this product may 
not be a true Diels- Alder type of adduct but rather one resulting from 
substitution-addition at the C-carbon in a manner similar to pyrroles 
{q,v.)j since C-phenylanthranil does not react with maleic anhydride 
when treated in the same way as anthranil. 

1 ,2,3,4,5,10-Hexahydro-2,3-phenazinedicarboxylic anhydride does 
not melt below 305°, but it sublimes at 260° when heated under 15 mm. 
pressure, to give a brown sublimate from which the compound 
can be recovered by crystallization from acetic acid. It is soluble in 
tetralin and methyl alcohol, but only slightly soluble in chloroform 
and acetone. It is also soluble in 30% sodium hydroxide solution, 
from which it can be recovered by carefully adding an equivalent of 
concentrated hydrochloric acid. The adduct is soluble in excess acid. 
It is unchanged by refluxing in 10% caustic solution for one hour. 

Use. Anhydrides of this type are valuable as reactants in the 
preparation of bactericides, insecticides, and pharmaceuticals. 


152 



2,3-DIMETHYLPYRAZINES 
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1 ,2, 3, 4, 5, lO-Hexahydro- 
2 , 3-phenazinedioarboxylio 
anhydride 


Procedure. A solution of 0.5 g. of anhydrous 2,3-dimethylquinox- 
aline and 0.3 g. maleic anhydride in 20 ml. of dry toluene is heated 
to boiling and refluxed for 2 ^ hours. This produces a brown sticky 
product, which is allowed to settle overnight in a refrigerator. The 
supernatant toluene is then decanted off, and the gummy mass is dis- 
solved in hot acetic acid. The acetic acid solution is then cooled and 
placed in the refrigerator until the light greenish yellow crystals of 
the product are obtained. These crystals are collected and recrystal- 
lized several times from acetic acid. Additional amounts are obtained 
when the mother liquor is refluxed for 3 hours. The total yield is 
0.4 g. 


Reference 

Schdnberg, A., and Mostafa, A., J. Chem, Soc. 1943, 654. 
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HjNCON<9R(OR)2 ethyleneureadicarboxylic esters 


Diethyl l-Carbamyl-2,3-AziTidmedicarboxylate 

(Diethyl a,^-(aminocarbonyliinmo)8uccinate or Diethyl 
l>Carhamyl-2,3-ethylemminedicarboxylate) 

Carbamyl azide, unlike benzyl azide, loses nitrogen during addition 
to the unsaturated C:C bond of nialeates. The primary product of 
this reaction is the l-carbamyl-2,3-aziridinedicarboxylic ester. A 
small amount of the isomeric 2-oxo-4,5-imidazolidinedicarboxylic 
ester is also obtained. This latter ester is probably a secondary 
product, since it can be prepared by heating a dilute hydrochloric 
acid solution of the l-carbamyl-2,3-aziridinedicarboxylate. Pro- 
longed digestion of this solution, with attendant evolution of carbon 
dioxide, yields the ester of a,;8-diaminosuccinic acid. Digestion with 
a sodium carbonate or concentrated acid solution gives the 2,3- 
aziridinedicarboxylic ester. 

Diethyl l-carbamyl-2,3-aziridinedicarboxylate crystallizes from 
alcohol as rhombic leaves that melt at 154°. Lance-like crystals are 
obtained upon cooling a hot dilute hydrochloric acid solution. The 
compound readily dissolves in half its weight of hot alcohol but is 
only slightly soluble in the cold solvent. It is insoluble in ether, 
chloroform, and benzene. Diethyl 2-oxo-4,5-imidazolidinedicarbox- 
ylate melts at 93°. 

Use. Compounds having such structures are valuable as reactants 
in the preparation of adhesives; as agents for improving the strength, 
crease resistance, and the hydrophobic properties of cellulosic fibers; 
and as reagents in the synthesis of detergents and other useful organic 
products. 
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Carbamyl azide 4* Diethyl fumarato 


\~COC2H5 

H 11 
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Diethyl 1 -carbamy 1-2 , 3-aziridine- 
dioarboxylate 


Procedure. A mixture of 20 g. of carbamyl azide and 100 g. of 
diethyl fumarate is heated upon a water bath for 2 hours. During 
this time there is a strong evolution of nitrogen. Heating is then 
continued for an additional 12 hours under a pressure of 80 to 100 mm. 
The reaction mixture is treated with a small amount of cold 
alcohol, and set aside for several days until crystallization ensues 
under partial vacuo. After 4 to 8 days, the inside of the flask is 
rubbed with a glass rod to increase the rate of crystallization. When 
crystallization is complete, the solid mass is collected, sucked dry upon 
a filter, washed with a limited amount of absolute alcohol, and then 
recrystallized from alcohol. Based upon the amount of carbazide 
taken, the yield is 40% of theory, as compared to 10 to 15% when 
diethyl maleate is employed as the reactant. 

Half a gram of diethyl 2-oxo-4,5-imidazolidinedicarboxylate may 
also be obtained from the above filtrate by removing the solvent and 
distilling the oily residue under 12 mm. of pressure. 


Reference 

Curtius, T., and Dorr, W., J. prakt. Chem. 125, 425 (1030). 
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ArCHa DIHYDROTRIAZOLEDICARBOXYLIC ESTERS 
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Dimethyl 1-benzyl- A^-l,2,3-triazoliiie-4,5-dicarboxylate 

Considerable decomposition accompanies this addition of benzyl 
azide to maleic esters. The yield, therefore, is likely to vary widely 
from one preparation to another. Dimethyl fumarate appears to give 
much better results than the diethyl ester when allowed to react at 
the same temperature. Prolonged heating causes a marked evolution 
of nitrogen, with the formation of dibenzyloxamide and benzylam- 
monium benzyl oxamate. 

Dimethyl l-benzyl-A2-l,2,3-triazoline-4,5-dicarboxylate is obtained 
as colorless, anisotropic prisms that melt at 75°. This ester is insol- 
uble in ether and in water. It is very soluble in alcohol. The com- 
pound decomposes with an evolution of nitrogen when saponified so 
that the free acid cannot be obtained from it. 
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Benzyl azide + Dimethyl fumarate 
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Dimethyl l-benzyl*A2- 
1 , 2,3-triazolineH4,&> 
dicarboxylate 


Procedure. A mixture of 6.7 g. of benzyl azide and 7.2 g. of 
dimethyl fumarate is heated on a water bath at 85"^. The dimethyl 
fumarate slowly dissolves as the mixture becomes yellow. At the 
first sign of evolution of nitrogen, the mixture is cooled quickly, and 
the solid that separates is filtered immediately. This product is freed 
of any unreacted ester by suction and is further purified by recrystal- 
lization from a large volume of petroleum ether (b.p. 60 to 70°). 
The best yield obtained is about 30%. 


Reference 

Curtius, T., and Raschig, K., J. prakt. Chem. 125, 4G6 (1930). 
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PYRAZOUNECARBOXYLIC ACIDS 


CH 

\h/ 


2-Pyrazoline-4,5>dicaTboxylic Acid 

Diazo compounds such as diazomethane, diazoacetic acid, and 
diazodiphenylmethane unite with the ethylene group of maleates to 
form the 1-pyrazoline derivatives that rearrange during the reaction 
to yield the 2-pyrazoline isomers. These pyrazolinecarboxylic acid 
derivatives lose nitrogen fairly readily either upon heating or when 
allowed to stand at room temperatures, forming thereby the cyclo- 
propanecarboxylic acids. Pyrazolinedicarboxylic esters produce the 
frans-cyclopropane acids, whereas pyrazolinedicarboxylic anhydrides 
yield the cis-compound. 

Diazo compounds like azobenzene containing substituents on both 
nitrogen atoms do not react with maleyl derivatives. Diazonium salts 
react by splitting off nitrogen (g.v.). 

2-Pyrazoline-4,5-dicarboxylic acid occurs as rhombic plates that 
melt at 97°. It is soluble in alcohol, chloroform, and hot water. It 
is only slightly soluble in ether and ligroin. In alkali, it dissolves 
to give brown-red solution. Free pyrazole may be obtained by heat- 
ing the silver salt. 

Use. Compounds of this type are useful reactants in the prepa- 
ration of pharmaceuticals, as coupling agents for color photography, 
and for special-purpose resins. 
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Procedure. An ether solution containing 11 g. of dimethyl fuma- 
rate is allowed to absorb diazomethane until no further decoloration 
takes place. This operation should be carried out most carefully in 
a well-ventilated hood. The ether is cautiously evaporated, and the 
resulting colorless crystals are washed with the same solvent and then 
recrystallized from a mixture of chloroform and ligroin. This gives 
a quantitative yield, 14 g. of the above ester. The 2-pyrazolinedi- 
carboxylic acid is then obtained by hydrolysis in the customary 
manner. 

Precaution should be taken in carrying out this reaction since 
diazomethane is extremely poisonous. 
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von Pechmann, H., Ber, 27, 1890 (1894). C/.: 
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Ar a-ARYL-iS-CHLOROSUCCINATES 

\)1(0R)2 

Cl^ 


Dimethyl Q:-Chloro-i3-(p-chlorophenyl)8uccinate 

Diazonium chlorides, unlike diazomethane, lose their nitrogen when 
they react with maleic and fumaric esters. The aryl group of the 
diazonium chloride in this reaction unites with one of the carbons 
of the C:C unsaturated bond of the maleate or fumarate and the 
chloride ion with the other carbon to give the a-aryl-/?-chlorosucci- 
nates. The ^S-chlorine atom is not stable to alkali so that the suc- 
cinate is quantitatively converted to the sodium salt of the arylfumaric 
acid when these substituted succinic esters are saponified with alcoholic 
potash. Arylmaleic anhydrides can be prepared by distilling the 
arylfumaric acids with a small amount of chlorocymylsulfonic acid. 
The arylmaleic acids are prepared by treating the anhydrides with 
boiling water. When maleic acid is used as the reactant in place of 
the esters, both dehydrochlorination and decarboxylation accompany 
the loss of nitrogen during the reaction, resulting in the formation 
of arylacrylic acids. (Cf. Grignard and Friedel Reactions.) In this 
case, poor yields are obtained in the presence of acetone. Cupric 
chloride but not cuprous chloride is catalyst for both of the above 
types of reaction. 

Dimethyl a-chloro-^-(p-chlorophenyl) succinate occurs as rhombic 
crystals that melt at 79^. (p-Chlorophenyl) fumaric acid melts at 
222°, the maleic acid at 141 to 143°, and the anhydride at 146°. 
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Procedure. A p-chlorobenzenediazonium chloride solution is pre- 
pared by diazotizing 32 g. of p-chloroaniline. This is added to a 
solution containing 300 ml. of acetone, 10.5 g. of cupric chloride, 50.6 
g. of sodium monochloroacetate and 24 g. of dimethyl fumarate. The 
mixture is carefully agitated at 15 to 20° for 3 hours, during which 
time the nitrogen is slowly evolved. When the reaction is completed, 
the mixture is steam-distilled, and then thoroughly extracted with 
benzene. Any acidic constituents are removed by treating the ben- 
zene extract with an aqueous soda solution. The extract is next dried 
and the solvent removed by distillation. The 40.7 g. of residue is 
dissolved in a minimum amount of methanol, and the solution is set 
aside in a bath of cracked ice for 12 hours, during which time crystal- 
lization occurs, accompanied by the separation of a dark oil. The 
crystals are carefully removed with a spatula, thoroughly washed 
with ice-cold methanol, and then recrystallized either from methyl- 
cyclohexane or carbon tetrachloride. The yield is 20.7 g., or 42.8% 
of theory. 


References 
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POLYCARBOXYUC NITRILES 
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Trimethyl 4-Cyano-l,2,3-butanetricarboxylate 

Maleyl compounds do not react, in general, with hydrogen cyanide 
to give saturated compoimds. When addition to the C;C bond does 
occur, it is accompanied by dimerization of the fumarate and either 
decarboxylation, as shown here, or cyclization, as described in the next 
preparation of the trimethyl 4-cyano-5-oxo-l,2,3-cyclopentanetricar- 
boxylic ester iq.v.). Some hydrolysis of the dimethyl fumarate to 
the acid ester also occurs. At the same time the ester of methoxysuc- 
cinic acid is formed through reaction between the fumaric ester and 
the solvent. Normally such a reaction as the last does not occur 
except in the presence of alkoxides (q.v.). 

Fumaryl chloride, formaldehyde, and hydrocyanic acid, in contrast, 
react to give biscyanomethyl fumarate. 

Purified trimethyl 4-cyano-l,2,3-butanetricarboxylate boils under 
3 mm. of pressure at 178 to 180°. 

Use. This compound is interesting because of the possibilities it 
offers for organic syntheses. 
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Trimethyl 4-cy ano- 1,2,3- 
butanetricarboxylate 


Procedure. With proper precautions a solution is prepared of 
3.25 g. of potassium cyanide in a mixture of 5 ml. of water and 50 ml. 
of methanol. To this is added 7.2 g. of dimethyl fumarate, and the 
mixture is carefully shaken and set aside in a well-ventilated hood 
for 48 hours. The suspended ester slowly dissolves within 2 hours. 
When the reaction is complete, the mixture is neutralized with an 
equivalent amount of hydrochloric acid and then diluted with 50 ml. 
of ether. The potassium chloride that is formed is filtered off, and 
the ether is allowed to evaporate. The residue is then distilled under 
reduced pressure into three fractions. The first contains 1 g. of 
dimethyl methoxysuccinate, 62 85-100° ; the second, 3.9 g. of methyl 
acid maleate, 62 145-155°; and the last, 2.5 g. of a viscous oil, 62 
190-200°. This last fraction is redistilled to obtain pure trimethyl 
4-cyano-l,2,3-butanetricarboxylate. 

Every precaution should be taken in carrying out this reaction, 
since lethal hydrogen cyanide is present. 


References 
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CYCLIC POLYCARBOXYLIC NITRILES 
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Trimethyl 4-Cyano-5-oxo-l,2,3-cyclopentanetricarboxylate 
(Trimethyl 2«Cyano-2,3,5-tricarbomethoxycyclopentanone) 


An anhydrous solvent, in contrast to what has been described for 
the previous preparation, prevents hydrolysis of the dialkyl fumarate 
in this reaction with potassium cyanide. Under such conditions, de- 
carboxylation also does not occur, but cyclization takes place instead. 
Such ring closure could easily be the result of a splitting off of methanol 
from groups attached to the 1- and 4-carbon atoms of an intermediate 
cyanodimer. As in the last preparation, a large amount of dimethyl 
methoxysuccinate is formed through reaction with the solvent. 

Redistilled trimethyl 4-cyano-5-oxo-l,2,3-cyclopentanetricarbox- 
ylat^ boils under 4 mm. pressure at 196°. 

Use. This compound is an interesting reactant, since it contains 
both a nitrile and three carboxyl groups. 
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Dimethyl fumarate -f* Hydrocyanic acid 
(Potassium cyanide) 


Trimethyl 4-cy ano-5-oxo- 1,2,3- 
cyclopentanetricarboxylate 


Procedure. With the necessary precautions employed, 14.4 g. of 
dimethyl fumarate is carefully added to a suspension of 6.5 g. of 
potassium cyanide in 50 ml. of absolute methanol. The mixture is 
then set aside in a well-ventilated hood for 4 days, at the end of 
which time 3 g. of undissolved potassium cyanide is removed, the fil- 
trate neutralized with an absolute methanol solution of hydrogen 
chloride, and the potassium chloride formed is filtered off. Then the 
solvent is removed at room temperature by applying a partial vacuum. 
A residue of 16.3 g. remains, which is divided into two fractions on 
reducing the pressure to 2 mm. The first fraction, 62 75-78°, weighs 
approximately 5.5 g. and consists largely of dimethyl methoxysuc- 
cinate (m.p. 107-108°). The other, with a 62 196-205°, weighs 5.4 g. 
The latter is then redistilled under approximately the same pressure 
to give the pure product. 


Reference 

Michael. A., and Werner, N., J. Am. Chem. Soc. 59, 744 (1937). 
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POLYESTER AMIDES 


9J10RNH 




Poly-2-maleamyl“2-methyl-l ,3-propylene Maleate 

Aminodiols, like 2-amino-2-methyl-l, 3-propanediol, react with both 
maleic anhydride and with succinic anhydride to form thermosetting 
resins, in contrast to the thermoplastic products produced with 
phthalic anhydride. This would indicate that both the amino and 
hydroxyl groups of the diol take part in this reaction. For this reason, 
it would appear that amide groups are produced as the major cross- 
linking reaction. Some additional polymerization may also take place 
when maleic anhydride is employed as the reactant. 

Use. These new resins have interesting properties that should 
result in technical applications. 


166 



H2NR(0H)2 


AMINO ALCOHOLS 



Procedure. A mixture of 10.8 g. of maleic anhydride and 15.8 g. 
of 2-amino-2-methyl-l,3-propanedioI is heated to 100 to 116° and held 
at this temperature for 15 minutes. This yields a balsam-like resin, 
which will set to a gel if the heating is continued until 66.6% of the 
theoretical amount of water has been collected. 

Reference 

Sprung, M. M., J. Am. Chem. Soc. 61, 3381 (1939). 
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NITROALKYLSUCCINIC ESTERS 


Dimethyl (l-nitroethyl)8ucciiiate 

Primary and secondary nitroparaffins have labile hydrogen atoms. 
Hence they might be expected to react with maleates by adding at 
the alpha carbon to saturate the C:C bond of the maleyl group, such 
as occurs with benzoylacrylates. 

The structure of these nitroalkylsuccinates has not yet been con- 
firmed. A German report suggests that they can be caused to under- 
go reductive ring-closure, similar to y-nitropimelates, to form in this 
case pyrrolidone derivatives. This, however, has not yet been verified, 
and no experimental details are given upon which to pass upon the 
claims. 

Dimethyl (1-nitroethyl) succinate is a colorless liquid that boils 
when pure at 141 to 143° under 5 mm. pressure. It has a specific 
gravity of 1.225 at 24°, and a refractive index of 1.4480 at 24° and 
1.4531 at 10.5°. 

Use. It would appear that these compounds offer a number of 
interesting possibilities for organic synthesis, since they contain, be- 
sides a nitro group, two ester groupings. Similar types of products 
have been suggested for use in plastic compositions, as insecticides, 
and as intermediates for preparing amino acids, alcohols, esters, and 
amides in the synthesis of resins, plasticizers, and drugs. 
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Nitroethane 
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Nitroethane + Dimethyl maleate 


Dimethyl ( 1 -nitroethyl)-8ucoinate 


Procedure. To 500 ml. of methanol is added 23 g. of sodium. 
When all the sodium has reacted, the methoxide solution is cooled to 
10 to 15° and 130 ml. of nitroethane is added slowly with good agita- 
tion. The agitation is continued for 30 minutes. The mixture is then 
allowed to warm to 20 to 25° and held at this temperature while 
144 g. of dimethyl maleate is added from the dropping funnel over a 
period of 2 hours. The mixture is cooled to 10 to 15°, and 62 ml. 
of glacial acetic acid is added, agitated for an additional 15 minutes, 
and poured into a mixture of ice water and 100 g. of sodium bicar- 
bonate. The aqueous solution is extracted with four portions of 200 
ml. of ether, and the extracts are dried over 50 g. of anhydrous sodium 
sulfate. 

A red-colored oil is obtained from the combined extracts. This is 
freed of low-boiling constituents by distilling to 80° under 20 mm. 
of pressure. The pressure is reduced to 5 mm., and the fraction boiling 
at 146 to 150.5° is collected. This is then redistilled from a Widmer 
column at the same pressure. The yield is 59% of theory. 
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CHAPTER 


6 


Compounds Containing Oxygen 


Reactions of oxygen-containing substances with maleyl compounds 
are as unusual and varied as those with the nitrogen reactants de- 
scribed in the last chapter. 

This is exemplified, for example, by the reaction with compounds 
containing hydroxyl groups. Water and hydrogen peroxide add to 
the ethylene bond of maleic acid, as might be expected, to form malic 
and tartaric acids, respectively. Aliphatic alcohols add to the double 
bond to form ethers when sodium or strongly alkaline catalysts are 
present. Since the sodium alkoxide is used, this reaction is described 
in Chapter 4, page 65. In the presence of dehydrating agents 
or acids, they yield only the esters. Phenol, when catalyzed with a 
few drops of sulfuric acid, forms an asymmetric-disubstituted anhy- 
dride similar in structure to phenolphthalein through replacement of 
the oxygen of one of the carbonyl groups with two hydroxyphenyl 
groups. p-Cresol, however, undergoes an oxidation reaction with sul- 
furic acid, in its condensation with maleic anhydride to form the 
cyclic methylcoumarin. ^-^6r^-Butyl-6-hydroxy-5-methylbenzyl al- 
cohol undergoes condensation by splitting off water to yield a hetero- 
cyclic substituted chromandicarboxylic acid. Allylarylcarbinols react 
as if water were lost to the anhydride with the formation of a 
butadiene. This last reaction is a convenient means of preparing the 
Diels-Alder adducts of the 1-arylbutadienes, which polymerize too 
rapidly to yield any appreciable amount of the adduct. 

A number of interesting modifications of the Diels-Alder synthesis 
are also included in this chapter. Furan, unlike its imino analog, 
pyrrole, combines with maleic anhydride as if it were a simple cyclic 
conjugated hydrocarbon. Ketene acetals could be looked upon as 
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behaving in the same manner, if it were assumed that the acetal under- 
goes a dimeric condensation before reacting with maleic anhydride. 
Abietates with conjugated unsaturated groups in different rings do not 
react with maleic anhydride until isomerization occurs. Propenyl- 
phenyl ethers react like vinyl aromatic hydrocarbons, but the reaction 
is accompanied by the formation of large amounts of copolymers. 
p-Methoxyarylethylenes add two moles of maleic anhydride as if they 
were cyclic tetraenes, but no reaction occurs if the methoxy group 
is in the ortho position. Similar bis-adducts are formed in the reac- 
tion with anethole. 

a-Pyrone-type compounds, such as methyl coumalate, however, lose 
a mole of carbon dioxide in producing bis-adducts such as methyl 
bicyclo[2.2.2]-7-octene-2,3,5,6,7-pentacarboxylic dianhydride. Bimo- 
lecular alkyl anhydroacetone benzils dissociate to give the cyclopen- 
tadienone, which then adds two moles of maleic anhydride by splitting 
off carbon monoxide. 

Other intriguing reactions of oxygen compounds with maleates in- 
clude that of benzoyl peroxide, which forms small amounts of phenyl- 
succinates. Ozone at low temperatures in organic solvents produces 
ozonides, but in water reacts only as an oxidizing agent. Peracids, 
in contrast, are non-reactive. Mixtures of carbon monoxide and 
hydrogen in the presence of a cobalt catalyst produce a-formylsuc- 
cinates. 
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IIYDROXYSUCCINIC ACIDS 


Malic^Acid 

The dJ-malic acid obtained commercially from this preparation 
occurs as colorless crystals that melt at 127 to 128.5°. It has a den- 
sity, dl^ 7 of 1.601. The acid is very soluble in water, acetone, and 
alcohol but only slightly soluble in ether. It is readily resolved into 
the optical isomers by the usual methods. The i-acid melts at 100° 
and is only slightly soluble in alcohol. It is the major acid constitu- 
ent of many fruits. The diethyl ester is a colorless liquid boiling at 
253°. The dimethyl ester boils at 242°. The normal salts deliquesce, 
but the acid salts crystallize well. 

Uses, dZ-Malic acid has many different uses. It is an ingredient 
of high-bond-strength glues. It is widely used as an acidulent, as 
flavoring, and as a preservative in bottled soft drinks, candy, jellies, 
pectin extracts, ice creams, ices, gelatin powders, and desserts. It is 
particularly recommended for pear, apple, and raspberry jellies. It 
has also been employed as an ingredient in dentifrices and mouth- 
washes; and an electrolyte for condensers and lightning arresters; as 
an impregnant for radio condensers; as a dispersing agent for borax 
in fire-retardent finishes and emulsions; as a pigment dispersant in 
alkyd enamels; as an anti-gelling agent in jellied fuels; as an ingredi- 
ent in electrolytes for the oxidation of aluminum; and in a hydrolysis 
bath for cellulose acetate. It is also used as a reagent in the manu- 
facture of certain phenolic resins, shellac substitutes, and special alkyd 
resins for electrical insulation. Copper salts are used to kill fungus 
spores. The sodium salt is incorporated in pharmaceuticals as a com- 
pounding and dispensing agent and as a therapeutic agent. It is also 
used as a condiment by those who cannot use common salt. The acid 
is used in effervescent salts and laxatives. 

Malic acid is also a very valuable intennediate in the synthesis of a 
variety of compounds, such as couraarin, dithiocarbethoxysuccinic 
acid, mercaptosuccinic acids, coumalic acid, a-hydroxyethoxysuccinic 
acid y-lactone, polymalates, nitrosuccinic acid, oxalacetic acid, and 
phenylpyrazolonecarboxylic acids. 
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Water -f Fumaric acid 

>■ df-Malic acid 


Procedure. An aqueous solution containing 18% of fumaric acid 
is placed in a corrosion-resistant pressure vessel. The contents are 
carefully heated to 186° and held at this temperature for 20 hours. 
The reacted mixture is then cooled to 25°, and the bulk of the 
unreacted fumaric acid is removed by filtration. 

The malic acid is recovered by evaporation of the filtrate and puri- 
fied by fractional crystallization. The yield is 70.5% of the theo- 
retical amount. 
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SIMPLE ESTERS 


Diethyl Fumarate 

Many esters of maleic and fumaric acids have been prepared by 
methods similar to the one described on the opposite page. When 
hydrochloric acid is used as the catalyst, isomerization occurs, and 
the resulting product is invariably the fumarate. Esters may also be 
prepared by allowing the silver salts to react with alkyl iodides. This 
latter method, however, is not suitable for isopropyl, amyl, or higher 
molecular-weight esters. Diesters have also been synthesized from 
fumaryl chloride and alcohols, by refluxing dibromosuccinic esters 
with pyridine, and by ester interchange. 

The half or acid esters may be produced by partial hydrolysis of 
the above diesters, with a calculated amount of potassium hydroxide. 
Methyl acid maleate has been made by refluxing maleic anhydride 
with an equivalent amount of absolute methanol. 

Diethyl maleate is a colorless liquid with a characteristic pungent, 
violet odor. It boils when very pure at 225°, 619 99°. 

Use. These simple esters are common reactants for carrying out 
many of the reactions of the maleyl bond, as has already been seen. 
They also have numerous other uses. Active diamyl maleate, for 
example, is employed as an insecticide, and dialkyl esters as plasti- 
cizers for cellulose derivatives. Unsaturated alkyl esters are used as 
solvents, plasticizers, and as reactants for the manufacture of various 
copolymers. 
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Procedure. Three moles (348 g.) of fumaric acid is added to 
350 ml. of 96% ethyl alcohol containing 15 ml. of concentrated sulfuric 
acid. The mixture is heated slowly to 110°, during which time 
200 ml. of a mixture of alcohol and the water that forms continuously 
distills from the flask. Alcohol vapors are then passed into the reac- 
tion mixture at such a rate as to maintain the mixture at 115 to 120°. 
After 2 hours approximately 910 ml. of distillate is collected. The 
reaction upon cooling is neutralized with an aqueous sodium carbonate 
solution. The ester layer is separated, and the aqueous layer is 
extracted with benzene. The benzene extract is then added to the 
ester, and the two are fractionally distilled at normal pressures. The 
pure product is the portion boiling at 223 to 225°. A yield of 80% 
of theory is obtained in this way. This yield may be increased to 
96% where desired by adding 720 ml. of toluene to the reaction mix- 
ture and distilling off the ternary mixture of alcohol, water, and hydro- 
carbon. Numerous other modifications have also been employed. 
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POLYESTERS 


Glycol Maleate Polyester 

The white amorphous solid obtained in this preparation melts at 
88 to 95°. A similar product of m.p. 90 to 92° has been prepared 
from silver maleate and ethylene bromide. When dried under partial 
pressure, the amorphous solid yields an infusible insoluble material. 

Use. Although these pure products are only laboratory curiosities, 
the method given for their preparation is extensively used by industry 
in the manufacture of various modifications of glycol maleate polyes- 
ter. Excessive polymerization such as undoubtedly occurs here is 
easily controlled by carrying out this reaction in the presence of drying 
oils, fatty acids, and other modifying agents. The maleic resins so pro- 
duced are extensively used in coating materials for all types of pur- 
poses. These polyesters may be copolymerized with other unsaturated 
substances to yield other useful products. 

Mannitol sorbitol maleate polyesters have been suggested for sizing 
textile yarns. 1,9-Nonanediol bis (acid maleates) have been condensed 
with various amines for producing de-emulsifying agents for crude oil. 
Cellulose polymaleates have been recommended as wash-fast sizes, 
as textile fibers, and as a plastic for color photographs, films, and foils. 
Moldable esters may also be prepared from pentaerythritol, whereas 
mixed esters with sebacic acid and 1,3-propanediol have been employed 
for pressure-sensitive tapes. The ferrous salt of diethylene glycol 
monomaleate has been used as a catalyst for the copolymerization of 
styrene with glycol fumarate. Simultaneous acetylization and esteri- 
fication of polyvinyl alcohol with formaldehyde and maleic anhydride 
are said to give filaments or fabrics of enhanced strength without sac- 
rifice of softness or flexibility. 
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Glycol maleate polyester 


Procedure. A mixture of 32.5 g. of maleic anhydride and 18.6 g. 
of glycol is heated to 195 to 200° for 4 hours. The pressure is then 
reduced to 0.2 mm, and the heating continued at 210 to 215° for an 
additional 3 hours. The residue while still warm is dissolved in eth- 
ylene chloride and filtered. The product separates as an oil, which 
changes to a white powder in 2 hours when kept at 5 to 10°. 
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DIHYDROXYSUCCINIC ACIDS 


Tartaric Acid 

Mesotartaric acid from this reaction occurs as rectangular tablets 
that melt with the formation of the anhydride at 140°. The acid is 
very soluble in water, quite soluble in alcohol, but only slightly soluble 
in ether. The diethyl ester melts at 53.5 to 55°. The di-acid in 
contrast loses water at 100°, forming an anhydride melting at 204 to 
206°. It occurs as monoclinic crystals. The diethyl ester of the 
d- and di-acid melts at 17° to a liquid that boils at 280°; 615 170°. 
The ester of the i-acid boils under 19 mm. at 162°. 

Use. Tartaric acid is employed as a fungicide for feeds, as an 
acidulent in beverages, and as a clarifying agent for beer. It is also 
used to increase the plasticity of mortar, as a material in marking 
ceramics, and as an ingredient in dry batteries, condensers, and electro- 
lytes for lightning arresters. It is employed in dyeing, in the silvering 
of mirrors and electric lamps, in fire extinguishers, in the bleaching of 
flour, and in baking powder. It has been described as a peptizing 
agent for pectin, as a preservative for dried fruits, as an agent for 
treating yeast. It may be used as a gelating agent for solid methanol 
fuels, as a disintegrating agent for certain insecticides, and as a laun- 
dry sour. It has also been recommended in etching, tin plating, color- 
ing metals, flotation of ores, cleaning of aluminum, hat sizing, metal 
polishing, and artificial teeth cleaning. It may be used in paint 
removers and in the manufacture of blueprint and photopapers, syn- 
thetic rubber, artificial stone, and pharmaceuticals. In addition, it 
has been suggested as a coagulant of latex, as a liberant for bleach, 
and as an agent for sugar refining, silk dyeing, and calico printing. 
Esters have been used as plasticizers in lacquer. 

It also may be employed as a reagent in the manufacture of adrena- 
lin, flavanthrene, iron and nickel catalysts, sulfur dioxide, opium 
extracts, Z- 2 -amino-l-m-hydroxyphenyl-l-propanol, apple oil, toka 
bean extract, vanilla bean extracts, detergents, and medicinals such 
as sulfonal. 
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Procedure. An anhydrous solution of hydrogen peroxide in tert- 
butyl alcohol is first prepared from 100 ml. of a 30% aqueous solution 
of the peroxide, according to the directions given in J. Amer. Chem. Soc. 
61, 1844 (1939). 

This solution is diluted with the anhydrous solvent to give a 5.96% 
solution of hydrogen peroxide, and 8.6 g. of diethyl maleate is added 
to it. The new solution is cooled to 0°, and 1.5 ml. of osmium 
tetroxide is added. The reaction mixture is allowed to warm to room 
temperature, and is then set aside for two days. The solvent is dis- 
tilled off, and the residue fractionally distilled under approximately 
18 mm. of pressure. (There is no mention as to whether peroxides are 
a hazard in this distillation.) The viscous portion, hjg 162-166°, is 
saved and allowed to crystallize from ether. The pure product is the 
ester of meso-tartaric acid. This, upon saponification in the usual 
manner, yields the desired acid. 

The d(-acid has also been obtained by this method from diethyl 
fumarate. Other oxidizing agents, such as chlorates and perman- 
ganates, may also be used. Maleic anhydride, however, does not react 
with peracids. Tartaric acids may also be prepared from the dibro- 
mosuccinic acid with moist silver oxide, and by the hydrolysis of 
a-hydroxyglyoxylonitrile, or by the oxidation of mannitol with nitric 
acid. 
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Phenolmalein 

Maleic and succinic anhydrides combine with hydroxy aromatic 
compounds in the same manner as phthalic anhydride. The products 
are similar to the phthaleins, both in structure and in many of their 
properties. Resorcinols and m-aminophenols in a like fashion yield 
compounds corresponding to fluoresceins and rhodamines. The 
maleins are more highly colored than the succeins because of the 
unsaturated ethylene bond. These dyes crystallize with one mole of 
water, which can only be removed by heating for 6 to 7 hours in an 
air oven. Like the phthaleins, four moles of bromine may be sub- 
stituted in the aromatic ring of the molecule. The ethylene bond 
of the maleins does not add bromine under these conditions, as shown 
by the absorption maxima of the brominated product. Compounds 
such as resorcinol- , pyrocatechol- , pyrogallol- , o-cresol- , 2-naph- 
thol- , m-aminophenol- , phenylenediaminemaleins have been prepared 
by this method. 

Bromosuccinic acids may be used in place of maleic anhydride. 
Unlike maleic anhydride, they do not require an added catalyst. The 
hydrobromic acid split off during the reaction in this case serves to 
effect the condensation. Dibromosuccinic acid, in contrast, gives a 
dye containing an acetylene group in place of the ethylene bond in 
the phenolmalein. 

Purified phenolmalein is a light-colored brown powder melting at 
195® and blackening at 170®. Methanol and ethanol solutions of it 
are brown, whereas the acetone solution is a deep red. Addition of 
alkali changes the color to a bright pink. Phenolmalein is insoluble 
in chloroform, benzene, and petroleum ether. 

Use. These dyes are valuable for certain special uses, such as 
adsorption indicators in argentometry and the like. 
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Phenol f- Maleic anhydride ^ Phenolm&lein 


Procedure. A few drops of concentrated sulfuric acid is carefully 
added to a mixture of 5 g. of phenol and 3 g. of maleic anhydride. 
The reaction mixture is cautiously heated to 125 to 135°, and agitated 
for 10 hours at this temperature. Upon cooling below 100°, the mix- 
ture is steam-distilled to remove any unreacted phenol, and the residue 
is collected and thoroughly extracted with a dilute ammonium hydrox- 
ide solution. From this extract, the crude product is obtained by 
careful precipitation with dilute hydrochloric acid. It is purified by 
treating a boiling alcohol solution of it with animal charcoal. After 
the charcoal is removed, the purified dye is recovered as a fine powder 
by precipitation with acidulated water, collected, and dried. 
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6-Methylcoumarin 


Maleic and fumaric acids react with p-cresol at elevated tempera- 
tures in the presence of concentrated sulfuric acid by undergoing 
oxidation, decarboxylation, dehydration, and cyclization to form 
6-methylcoumarin. The unsaturated C:C bond of the maleyl com- 
pound is unaffected by the reaction. 

6-Methylcoumarin melts at 73 to 74°. It may be brominated to 
give a dibromide melting at 65 to 66°. The mercurichloride melts at 
189 to 190°. 

The method is a relatively simple one for preparing certain other 
substituted coumarins. 

Use. The coumarins are well known as perfume ingredients and 
as antioxidants. 
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p-Crcaol 4- Maleic acid -f 
Sulfurio acid 



6-Mothylcoumarm 
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Procedure. To a 72% solution of sulfuric acid is added 10.8 g. 
of p-cresol and 116 g. of maleic or fumaric acid. This mixture is 
then carefully heated to 160"^, with constant agitation, and held at 
160 to 180® for 2 hours. During this time there is an evolution of 
carbon dioxide and sulfur dioxide. When this is complete, the reaction 
mixture is allowed to cool and is then poured onto chopped ice, yield- 
ing a tarry black mass. The coumarin is extracted from this mass 
with alcohol. The alcoholic extract is decolorized with charcoal, and 
the 6-methylcoumarin is obtained from it as a white flocculate by pour- 
ing the solution onto chopped ice. The yield is 80% of theory. 
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6-tcrf-Butyl-8-methyl-2,3-chromandicarboxylic Acid 

Hydroxybenzyl alcohols react with maleates to saturate the olefin 
bond of the maleate by forming the heterocyclic chromandicarboxylic 
acids. The ^rans-acid is the one produced directly. The cis-acid 
may be obtained from it by converting the trans-a.cid to the anhydride 
with acetic anhydride, and then treating the resulting anhydride with 
dilute alkali. The reaction appears to be a general one for preparing 
substituted chromandicarboxylic acids. 

^rans-6-^eri-Butyl--8-methyl-2,3-chromandicarboxylic acid is a crys- 
talline solid that melts at 245®. The m-acid melts at 222®. 

Use, The preparation is particularly interesting in illustrating the 
type of compounds that may be formed from hydroxybenzyl alcohols 
in the preparation of maleic alkyd-phenolic resins. These compounds 
should be valuable modifying agents in the preparation of such resins. 
The reactions suggest how new maleic types may be prepared. 
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0-/e/’f-Butyl-8-methyl-2,3-chromandi- 
ylic 


Procedure. A mixture of 50 g. of 3-fer^butyl-6-hydroxy-5-meth- 
ylbenzyl alcohol and 175 g. of diethyl maleate is heated at 220°. The 
unchanged ester is removed by distillation under reduced pressure, and 
the residue saponified with 60 g. of 33% sodium hydroxide solution 
for 2 hours and acidified. The precipitated resin is dissolved in ether 
and shaken with sodium carbonate solution. The yield of the chro- 
mandicarboxylic acid is 37 g., or 47% of theory. 
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HETEROPOLYCYCLIC ADDUCTS 
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7-Oxabicyclo[2.2.1]-5-heptene-2,3-dicarboxylic Acid 
(3, 6-Epoxy -4-cyclohexene-l,2-dicarboxylic Acid) 


Conjugated heterocyclic dienes containing oxygen, like the furans, 
and the pyrones, add maleic anhydride as if they were simple conju- 
gated dienes {q.v.). The sulfur analogs, however, resemble benzene 
and do not react with dienophiles. See diaccnaphtho [ 1,2-6, 
thiophene. Pyrroles and indoles, the amino analogs, yield substi- 
tuted succinic and disuccinic acids by adding maleic anhydride at the 
carbon atoms alpha to the nitrogen atom, provided that these groups 
are not substituted. 

Furan gives the triphenyl phosphine test for quinones. The addi- 
tion of maleic anhydride may thus be looked upon as resembling the 
type of addition expected with aromatic quinones. 

7-Oxabicyclo [2.2.1 ]-5-heptene-2,3-dicarboxy lie acid is obtained as 
the monohydrate that sinters at 95°. At 103 to 105° it loses water 
to form the anhydrous acid that remelts at 135°. The monohydrate 
forms large, clear crystals that are easily soluble in warm water. 

Hypobromous acid can be added to the unsaturated bond of this 
epoxy adduct to form the bromolactone acid. 

Use. These compounds offer several possibilities for organic syn- 
theses. Adducts have been prepared from a number of furan deriva- 
tives, including 1 ,2-diphenylbenzofuran, 2-isopropyl-5-methylfuran, 
2-vinylfuran, and 2-furylethylene. The last compound, instead of 
adding at the 2,5-furan carbons as in this preparation, adds maleic 
anhydride to give what is probably 3a,4,5,6-tetrahydro-4,5-benzofuran- 
dicarboxylic anhydride: 
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CONJUGATED HETEROCYCLIC DIENES 
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5-heptene- 


7-Oxabicyclo[2.2. 11- 
>-2,3-aicarboxyIic acid 


Procedure, A solution of maleic acid is prepared by dissolving 
60 g. of maleic anhydride in 150 ml. of water. Thirty ml. of furan is 
then added to this solution at a temperature not exceeding 20°, and 
the mixture is vigorously agitated for 3 days, during' which time the 
furan completely dissolves. The adduct is recovered in the usual 
manner and is purified by dissolving it at 60 to 65° in three times 
its weight of water. Complete solution is usually, obtained in about 
45 minutes. The aqueous solution is then allowed to evaporate 
slowly, depositing large crystals of the monohydrate. 
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ETHERS OF DIHYDROPHTHALIC 
ANHYDRIDE 


3,5-Diethoxy-2,4-cyclohexadiene-l,4-dicarboxylic Anhydride 
(3,5-Diethoxy-l,6-dihydrophthalic Anhydride) 


This reaction of maleic anhydride with a 2,2-bis-ether substituted 
ethylene is unique in several respects. Both addition and condensa- 
tion take place during this reaction. Two moles of acetal are involved 
that result in the formation of a cyclic diene dicarboxylic anhydride. 

3,5-Diethoxy-2,4-cyclohexadiene-l,4-dicarboxylic anhydride occurs 
as fine yellow crystals that melt at 110 to 111° when recrystallized 
from xylene. 

This anhydride can react with an additional mole of maleic anhy- 
dride in benzene solution to form l,5-diethoxybicyclo[2.2.2]-5-octene- 
3,4,7,8-tetracarboxylic dianhydride by addition in the usual manner of 
the anyhdride across the diene structure of the alicyclic ring. 

Use. The reactive groups in these anhydrides make them especially 
interesting for synthetic work. 
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KETENE ACETALS 


Ketene Diethylacetal 
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3,6-Diethoxy-2,4-cyclo- 
hexadiene- 1 ,4-dicarboxylic 
anhydride 


Procedure. To a solution of 4.9 g. of maleic anhydride in 76 ml. 
of dry ether is added 11.6 g. of ketene diethylacetal. The reaction 
mixture rapidly takes on a yellow, then red color, and the solution 
starts to boil within 2 minutes. Whereupon, it is cooled. As soon as 
the vigorous reaction subsides, it is set aside for 12 hours in a closed 
vessel. The yellow precipitate formed is collected upon a filter, 
washed with dry ether, and recrystallized from xylene. The yield is 
71 % of theory. 
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ALKENEPOLYCARBOXYLIC 

ACIDS 



Methyl 4,4a,4b,5,6,7,8,8a59,10-Decahydro-2-isopropyl-4b,8- 
diiiiethyl-3,10a(3)-ethanopheiianlhrene-8,ll9l2-tricarboxylic 

Anhydride 


Unlike chain conjugated dienes, or cyclic conjugated dienes containing both un- 
saturated groups in the same ring, abietic acid and abietates do not react with maleic 
anhydride at temperatures below 100°. Wlien heated with the anhydride above 
this temperature, the abietates isomerize to the levopimarates, which add the an- 
hydride readily. Hence the adduct may also be prepared from pure levopimaric 
acid, or directly from rosin by heating the pine oleoresin with the anhydride. 

The adduct obtained from methyl abietate melts at 214 to 216°. It has a (a)D of 
—26°. It is readily soluble in chloroform, methyl alcohol, acetone, and ether. 
Although the adduct contains an unsaturated bond, it does not absorb bromine 
from a chloroform solution of the halogen. No yellow color is obtained with tetrani- 
tromethane in the same solvent, nor is methane obtained from the micro-Zerewitinoff 
reaction. The triba&ic acid olDtained from it melts at 227° and shows a (a)D of 
—260°. The trimethyl ester prepared from this acid decomposes at 113°. It has a 
^^^*^01 1.084, and no '^of 1.4869. These derivatives are identical with those prepared 
from levopimaric acid and from rosin. 

Use. Very extensive use is made commercially of this type of reaction in the 
manufacture of modified rosins, ester gums, and maleic alkyds. These resins give 
improved gloss, rate of drying, and hardness to paint and varnish films. The maleic 
anhydride adduct of stearyl abietate has been recommended as a rust-inhibiting 
agent. 

This type of reaction has been w'idely used in the elucidation of the structure 
sterols and of various resin acids. 
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POLYCYCLIC DIENECARBOXYLIC 
ACIDS 



Melhyl Abietate 



Methyl abietate >- Methyl levopimarato ^ Methyl 4,4a,4b,6,6,7,8,8a,9,10- 

decahydro-2-iaopropyl-4b,8- 
dimothyl-3,10a(3)-ethano- 
phonanthrene-8, 11,1 2-tricarboxyl io 
anhydride 

Procedure. A mixture of 79 g. of methyl abietate and 25 g. of maleic anhydride 
is heated for 8 hours at 160°. The resulting reaction mixture is then thoroughly 
extracted with hot petroleum ether to remove all the unreacted constituents, leav- 
ing a pure crystalline product from which the acid may be obtained. The acid is 
obtained by saponification with 0.5 A aqueous potassium hydroxide. 
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MALEINIZED OILS 


Methyl Linoleate Adducts 


Approximately 90% of the anhydride reacts with the fatty ester in this preparation to 
yield a complex mixture of adducts. These reaction products have not been completely 
separated and purified, but they have been divided into a volatile and non-volatile frac- 
tion, as described. It is necessary, therefore, to rely largely upon analytical values for a 
picture of the possible structures of the adducts. It is clear from studies of this type 
of reaction, and from the properties of the products, that both monomeric adducts and 
copolymers are formed during this process. The first reaction, which probably produces 
the volatile fraction, may involve the addition of one molecule of anhydride to a carbon 
adjacent to one of the unsaturated bonds of the methyl linoleate. This step appears to be 
accompanied by a shifting of the double bond, since the volatile fraction contains 12% of 
conjugated reaction products. 

The non-volatile fraction is probably also a mixture, in this case, of copolymers. The 
observed values indicate an adduct containing three molecules of anhydride to two of the 
fatty ester. Since substantial amounts of the monomeric adducts are formed, sufficient 
anhydride is left for the formation of such adducts. The dimeric structure shown fits all 
the data now available. These results may readily be accounted for, as suggested by 
Teeter, Geerts, and Cowan, by assuming a free-radical mechanism for the reactions. 
Compare this with similar reactions described in Chapter 1. 

Methyl oleate reacts with maleic anhydride under similar conditions to give a light 
yellow oil that distils under 1 mm. pressure at 196 to 206°. Bickford and co-workers 
show this product to consist of nearly equal amounts of the four possible monoadducts: 
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as judged by analysis and yields of fission products. 

Use. The addition of maleic anhydride to non-con jugated esters is an important re- 
action in the manufacture of modified drying oils for the paint and varnish industries. 
Rapid drying characteristics are imparted to slower drying oils and alkyd resins by this 
treatment. 
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INON-CONJUGATED FA H Y 
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Mono- and Polyadduuts 


Procedure. A mixture of 50 g. of pure methyl linoleate and 31.4 g. of maleic an- 
hydride is heated in an atmosphere of carbon dioxide for 7 hours at 200°. The reaction 
mixture.* is then passed through a molecular still at 107 to 124° under 0.4 to 0.8 micron 
pressure to free the products of any uncombined reactants. The resulting crude adducts 
are separated into two fractions by passing them twice through a falling-film molecular 
still at 157 to 162° under the same pressure. Heat is applied to both the inlet and the 
outlet tubes of the still to obtain the proper flow of these highly viscous products. A 
volatile fraction weighing 12.9 g. and a non-volatile fraction of 26.0 g. are obtained in this 
way. The volatile fraction is further purified by passing it through the still at 162 to 
163° at 0.7 to 1.0 micron, taking a center cut of 6.7 g. 
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Note. These formulas for the products are used purely to illustrate the types of compounds formed. 
Other isomers and polyadducts are undoubtedly present. 
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ETHERS OF TETRAHYDRONAPHTHA- 
LENEDICARBOXYLIC ANHYDRIDE 

2 

V 

O 


H,C 






H 


.911 


l,2,3,4-Tetrahydro-3-methyl-6,7-niethylenedioxy- 
1,2-naphthalenedicarboxylic Anhydride 

Propenylphenyl ethers react with maleic anhydride and maleates to 
yield a mixture of products of which the crystalline tetrahydronaph- 
thalenedicarboxylic acids and their anhydrides usually comprise 20 to 
30%. The remainder of the product consists of copolymers of the 
reactants and polymers of the propenylphenyl ether. The copolymers 
are similar in structure to those obtained with other substituted ethyl- 
enes {q.v.). The mixture of products is usually a red gel or oil. 
Most of the gels melt fairly sharply. 

An ether group in the p- or o-position greatly favors the addition 
of maleic anhydride. Thus anethole adds two moles of anhydride to 
form the tetra-acid adduct. Maleic acid when used in place of its 
anhydride favors the formation of the normal non-aromatic type of 
Diels- Alder compound such as is obtained with conjugated vinylnaph- 
thalene {q,v,). 

The monomeric adduct of isosafrole and maleic anhydride melts at 
144® according to Bruckner, but according to Hudson and Robinson at 
142 to 143®. Bruckner reports the free acid as melting at 185® ; Hud- 
son and Robinson report 143®. The ethyl ester is a liquid, bi.3 205- 
210°. When the anhydride is heated at elevated temperatures, dehy- 
drogenation occurs with the formation of 3-methyl-6,7-methylenedi- 
oxy-l,2-naphthalenedicarboxylic anhydride. This compound also 
results from the distillation of a mixture of the reactants. 

Use. Esters of l,2,3,4-tetrahydro-3-methyl-6,7-methylenedioxy-l, 
2-naphthalenedicarboxylic acid are effective in fly sprays when mixed 
with 0.025% pyrethrum. The percentage of flies killed is more than 
double the number when the active ingredient is pyrethrum alone. 
The red oil obtained by allowing the maleate to react with isosafrole 
may be used directly for this purpose after one extraction with petro- 
leum ether. 
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PROPENYLPHENYL ETHERS 



Isosafrole -f Maleic anhydride l,2,3,4-Totrahydro-3-methyl- 

6,7-methylcncaioxy-l,2-naj)h- 
thalenedicarboxylic anhydride 


Procedure. A mixture of 37.0 g. of isosafrole and 19.6 g. of maleic 
anhydride is heated upon a boiling water bath for 3 hours. The 
viscous, orange-red reaction mixture is then cooled in a refrigerator 
and thoroughly extracted with approximately 400 ml. of cold ethyl 
alcohol. The yellowish powder that is left is dried and extracted with 
boiling carbon tetrachloride. This carbon tetrachloride extract, when 
cooled and allowed to evaporate, yields 12.9 g. of the 1,2,3,4-tetra- 
hydro-3-methyl-6,7-methylenedioxy-l,2-naphthalenedicarboxylic an- 
hydride. 

The 11.8 g. of insoluble residue left from the extraction with carbon 
tetrachloride consists of equal molecular copolymers of the two 
reactants and melts at 334 to 335°. The alcohol extract contains the 
unreacted isosafrole, maleic anhydride, 8.4 g. of diisosafrole, and 1.8 g. 
of the acid of the above anhydride. 
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ARYLETHYLENE BIS-ADDUCTS 



l,4,4a,5,6,7-Hexahydro-2,3-dimeihoxy-8-phenyl-l,4-ethano- 
naphthalene-5,6,9,10-lelracarboxylic Dianhydride 

The position of the methoxy substituents in 1,1 -diary lethylenes has 
a marked effect upon the course of their reactions with maleic anhy- 
dride. As can be seen on the opposite page, addition occurs with the 
ring containing these groups if they are in the p- or 3,4-positions. 
In such cases, these 1,1-diarylethylenes react as if they were tetraenes 
by adding two moles of maleic anhydride, in contrast to re-establishing 
the original aromatic ring after the addition of one mole of anhydride 
by a shift of the double bond from the new ring, such as takes place 
in the reaction with isosafrole {q.v.). This directing effect of methoxy 
groups is similar to that of phenyl groups, but the opposite in effect 
to that of a p-methyl substituent in one of the rings. If, however, the 
methoxy group is ortho to an exocyclic double bond in either or both 
rings, no reaction occurs with maleic anhydride. 

Somewhat similar bis-adducts are formed in addition to other prod- 
ucts in the reaction of maleic anhydride with anethole, with 1-meth- 
oxy-4-propenylbenzene, and with l-methoxy-4-propenylnaphthalene, 
but they have not been reported for the l,2-dimethoxy-4-propenylben- 
zene reaction, A methoxy substituent in the 6-position of a- or /8- 
cyclopentenylnaphthylenes apparently does not affect the reactivity 
of these compounds as vinylnaphthalenes {q.v,). 

l,4,4a,5,6,7-Hexahydro-2,3-dimethoxy-8-phenyl-l,4-ethanonaphtha- 
lene-5,6,9,10-tetracarboxylic dianhydride crystallizes from a mixture 
of acetic anhydride and acetic acid as prismatic rods that melt at 
245 to 246°. These bis-adducts readily dissociate into their compo- 
nents when heated. In the presence of hydrobromic or hydroiodic 
acid, only one mole of maleic anhydride is split off and the methoxy- 
substituted ring becomes aromatic. The bis-adducts are readily de- 
hydrogenated with sulfur to yield the substituted naphthalene dicar- 
boxylic anhydrides, which may be decarboxylated to obtain the 
substituted naphthalenes. The asymmetrical dimethoxy derivative 
obtained from the dianhydride described here, however, undergoes 
decarboxylation only at temperatures above 400°, so that most of the 
material is completely decomposed during the decarboxylation 
process. 
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P-CH3()C6H4CH=CHo 


METHOXYARYLETHYLENES 


l-(3,4-Dimethoxyphenyl)-l-phenylethylene 




=0 


l,4,4tt.5,6,7-Hexahydio-2,3-dimetboxy- 
8-ph(myl-l,4-othaiionaphtha- 
leiie-r),6,9, 10-tetraoarboxylic dianhydride 


Procedure. A mixture of 2.4 g. of l-(3,4-dimethoxyphenyl)-l- 
phenylethylene and 9.8 g. of maleic anhydride is heated in a stoppered 
vessel for 3 hours at 140 to 160°. The reaction mixture turns a red- 
brown color. When the heating is completed, the unreacted maleic 
anhydride is removed by distillation under reduced pressure. The 
crude product is dissolved in a minimum amount of boiling alcohol, 
and the solution allowed 24 hours to crystallize. The crystals are 
collected, sucked dry on the filter, and then recrystallized from a mix- 
ture of acetic anhydride and acetic acid. The yield obtained is 60% 
of theory. 
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BICYCLOPOLYCARBOXYLIC 

POLYANHYDRIDES 


Bicyclo[2.2.2] -7 -octene-2,3,5,6,7 -pentacarboxylic 
2,3,5,6-Dianhydride Methyl Ester 
(7-Carbomethoxybicyclo[2.2.2]-7-octene-2,3,5,6-tetracarboxylic 
Dianhydride) 


This is a more or less general reaction of a-pyrones when they are 
allowed to react with an excess of maleic anhydride at elevated tem- 
peratures for prolonged periods. The normal Diels-Alder adduct, a 
bicyclic compound containing an ester bridge, is produced first, since 
it is the product formed when the reactants are refluxed in toluene, or 
when this reaction is stopped after 5 hours. Fusing methyl coumalate 
with maleic anhydride causes an immediate loss of carbon dioxide, 
with the formation of the dianhydride. Similar reactions take place 
with coumalin and other substituted a-pyrones, such as dimethylcou- 
malin and isodehydroacetic acid, 2,4-dimethyl-l ^-pyrone. The dian- 
hydride from coumalin may also be prepared from 3,5-cyclohexadiene- 

1.2- dicarboxylic acid and maleic anhydride. 

Bicyclo[2.2.2]-7-octene-2,3,5,6,7-pentacarboxylic 2,3,5,6-dianhy- 
dride methyl ester melts at 331°. The pentamethyl ester prepared 
from it melts at 137 to 138°. 

The mono-adduct, 6-hydroxy-4-cyclohexene-l,2,3,5-tetracarboxylic 

1.2- anhydride 8-lactone methyl ester, occurs as colorless crystals melt- 
ing at 198°. When an aqueous solution of this mono-adduct is evapo- 
rated to dryness and treated with methyl alcohol and hydrogen chlo- 
ride, trimethyl trimesate, trimethyl 1 ,S,6-benzenetricarboxylate, is pro- 
duced. In a similar way, trimesic acid may be obtained by heating 
this adduct with four atoms of bromine at 200° for 2 hours. Appar- 
ently, oxidation occurs during esterification of the mono-adduct in 
addition to hydrolysis of the ester bridge, dehydration, and decar- 
boxylation. It is interesting to note that, in these two reactions, the 
carboxyl group forming the bridge is not the one that undergoes 
decarboxylization, in contrast to what takes place in the formation of 
the dianhydride. 
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«-PYRONES 



Methyl Coumalate 



Methyl coumalate + Maleic 
anhydride 


Bicyclo[2.2.2]-7-octene-2, 8,5,6, 7-penta- 
carboxylio 2,3.5,6>dianhydriae 
methyl ester 


Procedure. One and a half grams of methyl coumalate and 1 g. 
of maleic anhydride are dissolved in a small amount of xylene, and 
the solution is refluxed for 24 hours. During this time the product 
gradually separates as a white crystalline precipitate. When the 
reaction is complete, the solid crystalline mass is collected upon a 
filter, dried, and then recrystallized several times from boiling acetoni- 
trile. The yield is 30% of theory. 


References 

Diels, O., Alder, K., and Muller, K., Ann. 490, 267 (1931). Cf.i 
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ALK YLDIPHEN YLBIC YCLOTETRA- 
CARBOXYLIC ACIDS 



1 -Methyl-7, 8-diphenylbicyclo[2.2.2]-7-octene-2, 3,5,6- 
teiracarboxylic Dianhydride 


The reactions of bimolecular anhydroacetonebenzils with maleic anhydride 
are unique, both with respect to the type of products formed and the marked 
influence that substituent groups have upon the course of these reactions. 
Generally, these bimolecular compounds react with maleic anhydride only at 
temperatures sufficiently high to render them unstable, so that there is an 
accompanying dissociation into a transitory monomeric cyclopentadienone or 
a splitting of the carbon monoxide bridge or both. 

Bimolecular compounds derived from alkylanhydroacetonebenzils, such as 
shown on the opposite page, undergo both types of decomposition simul- 
taneously in their reactions with the anhydride. Two products are thus formed 
in this case. One of these is the dianhydride shown in the equation. The 
other, the major product of the reaction, is a monoanhydride, C33H24O4, which 
has not yet been fully characterized. It is produced apparently by the addition 
of maleic anhydride to the bimolecular compound with an accompanying loss of 
both carbon monoxide and benzene, 5 delding a compound containing three 
phenyl groups. Presumably, the angular phenyl grou}) attached to the 3a- 
carbon is the one that is split off. Such behavior of phenyl groupings is rela- 
tively rare. The cleavage of the carbon monoxide bridge is similar to what 
takes place when coumalates {q,v,) are allowed to react with maleic anhydride. 

With bimolecular compounds derived from sy??i-dialkyl-derivatives of these 
benzils, addition apparently occurs only as a result of their dissociation into 
the cyclopentadienones. Depending upon the amount of maleic anhydride 
used in the reaction, yields of 95 to 99% of either the mono- or di-adduct of the 
cyclopentadienone may be obtained under similar conditions to those used 
above. A typical example of this type of reactant is the bimolecular compound 
obtained upon dehydrating, 2,5-dimethylanhydroacetonebenzil, 2,5-dimethyl- 
4-hydroxy-3,4-diphenyl-2-cyclopente7i-l-one. 

The bimolecular compound derived from the unsubstituted anhydroacetone 
benzil does not dissociate readily. Hence, addition occurs only as a result of 
splitting off of carbon monoxide. 

l-Methyl-7,8-diphenylbicyclo[2.2.2]-7-octene-2,3,5,6-tetracarboxylic dianhy- 
dride melts at 325°. It can be distilled without change under 7 mm. pressure 
at 340 to 360° but decomposes when so treated at atmospheric pressures. The 
other product melts at 288°. 
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BIMOLECULAR ALKYLANHYDRO- 
ACETONEBENZILS 



CeH, 
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Bimolecular Methylanhydroacetonebenzil 


¥ 

^6^60 CC,H, 

I II 

CH, 0 

3a,4,7,7a-Tetrahydro-2,7- 

dimethyl-3,3a,5,6-tetraphenyl- 

4,7-methanoindene-l,^dione 
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l-Methyl'»7,8*diphenyl- 
bicyclo[2.2.2]-7-octene-2,3,6,6- 
tetracarboxylio dianhydride 


Procedure. A mixture of 24 g. of bimolecular methylanhydroacetone- 
benzil and 10 g. of maleic anhydride is carefully heated in a well-ventilated 
hood at 220° until the poisonous carbon monoxide is completely evolved. The 
reaction mass is then cooled and extracted for 1 hour with 125 ml. of boiling 
benzene, filtered, and dried. The 10 g. of residue is crystallized from 50 ml. of 
trichlorobenzene and then recrystallized from acetic anhydride to obtain the 
above dianhydride in pure form. 

Dilution of the benzene extract with an equal volume of ligroin yields 16 g. of 
a mono-anhydride product. The precise structure of this compound has not 
yet been determined. 

Keferences 
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HETEROCOPOLYMERS 


Ethyl Poly (thiolacetoxyethylenesuccinate) 

The copolymer prepared as described on the opposite page may be 
processed to yield hard, colorless resinous objects. Similar resinous 
products may be made by either simply heating the reactants together 
in the presence of a catalyst or in an organic solvent. Various other 
catalysts such as benzoin and acyl peroxides may be used also. The 
reaction may be carried out in bulk or in solution, at 50° to 200°, and 
in the presence or absence of ultraviolet light. Clear colorless films 
may be obtained from the copolymers by pressing them at 120° under 
1000 lb. per sq. in. Various esters of both maleic and fumaric acids 
may be employed as one of the reactants. 

Maleic acid, its anhydride, and its esters also react with numerous 
other hetero-substituted vinyl and ethylene compounds to yield a wide 
variety of useful copolymeric products. In general, maleic compounds 
have the tendency to produce 1 : 1 copolymers of the general structure 
shown here. Other examples of such are the copolymers with various 
esters of acrylic and methacrylic acids, isopropenyl acetate, 4-phenyl- 
3-butene-2-one, methyl vinyl ether, and l-acyloxy-1,3 butadiene. 

Use. These copolymers may be used in molding compounds, as 
films, filaments, lacquers, binding compositions, coatings, thickeners, 
acid fixers for basic dyes, and intermediates in the manufacture of 
resins. 
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H2C=CHSC0CH8 


HETEROVINYL COMPOUNDS 


Vinylthiolacetate 
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Vinyl thiolacetate + Diethyl fumarate 


Ethyl poly(thiolacBt- 
oxyethylenesucoinate) 


Procedure. An aqueous emulsion is prepared of 70 g. of vinyl 
thiolacetate, 30 g. of diethyl fumarate, and 0.5 g. of diacetyl in 90 g. 
of copper-free water, with the aid of 10 g. of a 1% polymethacrylic 
acid solution, 1 g. of monopotassium phosphate, and sufficient 1 N 
potassium hydroxide solution to produce a pH of 6. This emulsion 
is kept agitated under an inert atmosphere while it is exposed for 5 
hours at 70 to 80° to a commercial 100-watt mercury arc placed at 
4 in. from the reaction vessel. At the end of this time the mixture is 
cooled and the resulting granular suspension is collected on a filter. 
The yield is 85 g. of a copolymer containing 21.6% of sulfur, i.e. 68.9% 
of vinyl thiolacetate. 
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Losev, I. P., and Trostyanskaya, E. B., J, Qen, Chem, (USSR) 17, 122 (1947); C. A, 
42, 2923d (1948). 

Minsk, L. M., Waugh, G. P., and Kenyon, W. O., J. Am, Chem, Soc, 72, 2646 (1950). 
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ARYLTETRAHYDROPHTHALIC ACIDS 


H. 

(OH), 

cis-3-Q:-Naphlhyl-cis-4-cyclohexene-l,2-dicarboxylic Acid 
(cis-a-Naphthyl-l,2,3,6-ci«-tetrahydrophlhalic Acid) 



Some butadienes polymerize so rapidly that they cannot be obtained 
as mbnomers. Such is true of several of the 1-arylbutadienes. The 
method using the unsaturated alcohol affords a suitable means for 
preparing the maleic anhydride adducts in such cases. This method 
is apparently a general one. It has also been used to prepare the 
3, 4“dimethoxy phenyl- and 3-piperonyl-4-cyclohexene-l,2-dicarboxylic 
acids. Maleic anhydride serves here both as a dehydrating agent and 
a condensing agent in this reaction with arylalkylcarbinols. The an- 
hydride rather than the acid is the product obtained when the carbinol 
is refluxed with maleic anhydride in boiling xylene. The yield of 
anhydride is somewhat less than the yield of acid. 

Theoretically, the addition might also take place at the j^^-carbons 
of the chain and of naphthalene ring to produce a substituted phenan- 
threnedicarboxylic acid of the type formed with vinylnaphthalenes 
(g.i;.). Aryltetrahydrophthalic acids, however, apparently are pro- 
duced exclusively in these reactions, since no evidence has been re- 
ported that vinyltetrahydrophenanthrenedicarboxylic acid is one of 
the products of this reaction. That the substituted phthalic acid 
would be the predominant product in any case may be predicted from 
resonance forms of the diene. 

cfs-3-a-Naphthyl-cf5-4-cyclohexene-l,2-dicarboxyIic acid crystals 
begin to decompose at 165°. The anhydride, when recrystallized from 
benzene-petroleum ether mixtures, melts at 160 to 161°, and the 
dimethyl ester at 79 to 81°. The dimethyl ester of 3-oc-Naphthy 1-4- 
cyclohexene- 1,2-dicarboxy lie acid can be dehydrogenated to pro- 
duce the 3-a-naphthylphthalate. Hydrogenation of the acid gives the 
substituted hexahydrophthalic acid which when treated with anhy- 
drous hydrogen fluoride undergoes cyclization to 7a,8,9,10,ll,lla- 
hexahydro-7-oxo-7H-benz [de] anthracene-8-carboxylic acid. 

Use. Nothing specific has been reported. For suggested uses see 
other tetrahydrophthalic acids. 


204 



ArCH(OH)CHsCI f=CH2 


ARYI^LKENYLCARBINOLS 


a-Allyl- 1 -naphthalenemethanol 
(a-NaphthylallylcarbinoI or l-Naphthyl-3-buten-l>ol) 



tt-Allyl-l-naphthylene- 
methanol + Maleic 
anhydride 




/ \H II 
HC C-C-OH 

HC C-C-OH 

hV« & 



ct8-3-a-N aphthyl-ct«-4- 
cyclohexene-1 ,2-dicar- 
boxylio acid 


Procedure. A reaction mixture of 9.9 g. of a-allyl-1 -naphthalene- 
methanol and 4.9 g. of maleic anhydride is carefully heated to approxi- 
mately 150°. This initiates a violent exothermic reaction, which is 
controlled by cooling under running water. After the reaction has 
subsided, the flask is heated for 45 minutes in a bath held at 145 to 
155°. The mixture is cooled, and the resulting tan, brittle crude 
jiroduct is thoroughly extracted with ether. From this extract, there 
is obtained 7.4 g, of white crystals of the pure product. An excess 
of maleic anhydride gives lower yields than when the above propor- 
tions are employed. 

The carbinol may be prepared from allylmagnesium chloride and 
a-naphthaldehydc by the method described in the following reference. 

References 

Arnold, R. T., and Coyner, E. C., J, Am, Chem. Soc, 66, 1642 (1944). Cf.: 

Hudson, B. J. F., and Robinson, R., J. Chem. Soc. 1941, 715. 


205 



ALKANETETRACARBOXYLIC 

ACIDS 


H 

ROjC— (CH*),— CH— 9ll(OR)2 
COsR 


Tetraethyl 1,2,3,6-Hexanetetracarboxylate 

This is an interesting reaction in that the cyclic ketone is split by 
the potassium ethoxide so that a straight-chain tetracarboxylic acid 
is formed with the diethyl maleate. When sodium ethoxide or piperi- 
dine is used as the catalyst, in place of potassium ethoxide, for the 
addition of the maleic ester, l-carboxy-2-oxocyclopentanesuccinic 
ester is probably first formed, and the ring may not be broken until 
the resulting triethyl ester is saponified with concentrated hydrochloric 
acid. Unfortunately, the data available do not distinguish between 
the two possible initial products in these cases, the succinate and 
the tetracarboxylate. The fact that the boiling points of the products 
from the sodium ethoxide and from piperidine are lower than those 
obtained from potassium ethoxide would suggest that possibly the 
succinate is formed with these two catalysts. The tetraethyl esters 
prepared from the acids obtained by any of the methods are identical. 
Yields are poor when sodium ethoxide is the catalyst. 

Tetraethyl 1,2,3,6-hexanetetracarboxylate boils at 182° under 4 mm. 
of pressure. The acid is a thick sirupy liquid. The ester undergoes 
the Dieekmann condensation with sodium dust to yield either a five- 
or a six-membered ring system; namely, triethyl 3-carboxy-2- 
oxocyclopentanesuccinate or 3,6-dicarboxy-2-oxocyclohexaneacetate. 
This ketonic ester may be hydrolyzed to give a solid keto acid. 
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CYCLOPENTANONECARBOXYLIC ESTERS 
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(water) Tetraethyl l,2,3,6>hexanetetraoarboxylate 


Procedure. A solution of potassium ethoxide is first prepared 
from 0.4 g. of metallic potassium and 55 ml. of absolute ethyl alcohol. 
To this solution is added 15.6 g. of ethyl 2 -oxocyclopentanecarboxylate 
and 17.2 g. of diethyl maleate. After it has stood for 3 days at room 
temperature, the reaction mixture is poured into acidulated water con- 
taining a small amount of floating ice, and the oil that separates is 
then thoroughly extracted with ether. The ether extract is washed 
with water, dried, and the solvent removed in the usual manner. 
The residue is distilled under reduced pressure, collecting as product 
that fraction that boils at 64 182°. The yield is 36 g. This may be 
saponified by refluxing it with 150 ml. of concentrated hydrochloric 
acid to obtain 30 g. of the sirupy acid. 


Reference 

Ghosh. K. C., J. Indian Chem. Soc. 24, 45 (1947). 
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Ar9R(OR)2 


a-PHENYLSUCCINATES 


Dimethyl Phenylsuccinate 

The reaction shown is one of several taking place in this prepara- 
tion. Dimethyl phenylsuccinate is recovered only to the extent of 
3% of the reaction mixture, but it is of special interest in illustrating 
one manner in which benzoyl peroxide may react. It should be noted 
that hydrogen is required to complete the reaction. This must be 
obtained from other molecules in the reaction mixture. 

Two other crystalline products are also produced. These are 
either isomeric tetramethyl esters of 1,2,3,4-tetralintetracarboxylic 
acid or of 1-methylhydrindenetetracarboxylic acid. They are pos- 
sibly formed by the cyclization of tetramethyl 1-phenyl-l, 2,3,4- 
butanetetracarboxylate, which would result from a reaction of di- 
methyl maleate with dimethyl phenylsuccinate. 

The non-volatile portion of the products contains more than two 
maleate units per phenyl group. It is undoubtedly comprised of the 
higher polymers. Compare with reactions described on pages 26 
and 54. 

Partial decomposition during distillation of the reaction mixture 
from which benzoic acid and the unreacted benzoyl peroxide have 
been carefully removed yields additional benzoic acid. This indicates 
that some benzoyloxy-addition products are also formed. 
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ArCOO— OOCAr 


ACYL PEROXIDE 


Benzoyl Peroxide 


H 


0 O 

HjCo— I)— o c— <!Uoch, H,C.— C— C— och, 

H.c,^c— (!> ^ (L c-ocH, Had;— c— OCH, 

1 M A 

Bentoyl peroxide + Dimethyl maleate — Dimethyl phenyUuccinate 


Procedure. To 200 g. of dimethyl maleate is carefully added por- 
tionwise 168 g. of benzoyl peroxide. The reaction mixture is heated 
under a reflux condenser for 700 hours at 55°. Any unreacted peroxide 
remaining at the end of the reaction is destroyed by slowly adding 
to it a solution of sodium iodide in acetone. The acetone is evapo- 
rated, and the mixture is extracted with ether. The ether extract is 
next washed with an aqueous bicarbonate solution, dried, and the 
solvent removed under reduced pressure. The residue is separated 
into four fractions at approximately 1 mm. pressure, giving 14% of 
unreacted dimethyl maleate, bi 60-63° ; 3% of crude dimethyl phenyl- 
succinate, bi 105-115°; about 24% of a mixture of tetracarboxylates, 
bi 182-195° ; and 43% of a non-volatile residue. 

The fraction distilling at 105 to 115° at 1 mm. is then washed in 
the usual manner with a bicarbonate solution to remove any traces 
of benzoic acid and is redistilled to give an initial fraction having a 
rai) of 1.492. This fraction solidifies readily upon seeding with a 
crystal of pure product. These crystals are then dried by pressing 
them against a porous plate. 


References 

Marvel, C. S., PriU, E. J., and DeTar, D. F., J. Am. Chem. Soc. 69, 62 (1947). Cf.i 
Bartlett, P. D., and Noaaki, K., J. Am. Chem. Soc. 68, 1496 (1946). 

Brown, D. J., J. Am. Chem. Soc. 62, 2657 (1940). 

Mayo, F. R., J. Am. Chem. Soc. 65, 2324 (1943). 

Price, C. C., Ann. N. Y. Acad. Set. 44, 366 (1943). 



08-911(0R)2 


OZONIDE 


Diethyl Maleate Ozonide 

The procedure given on the opposite page serves equally well for 
preparing the ozonide from diethyl fumarate. If decomposition 
reactions are to be avoided, a procedure employing an inert solvent 
and lowered temperatures, such as described, must be used for this 
purpose. 

Ozonides prepared from maleic anhydride and fumaric acid are 
highly unstable. They readily explode quite violently at compara- 
tively low temperatures even in the presence of solvents. In a series of 
preparations, carried out by Briner and co-workers at —60 to —80°, 
five out of eleven experiments ended in explosions. Some of the explo- 
sions are accompanied by flame. A white solid precipitates during 
the reaction with the anhydride. Obviously, no analyses are given, 
but an equivalent molecular amount of ozone is absorbed in those 
experiments where it is possible to obtain complete ozonization. 

The ozonides from both diethyl maleate and diethyl fumarate are 
limpid liquids. They have a barely perceptible yellowish color. 
They contain the theoretical amounts of carbon and hydrogen and 
have the following physical properties: 

Ozonide of diethyl maleate — refractive index, 1.4384; density, 
1.1561; dipole moment, 2.53 X 10"^®; and dielectric constant, 

8.95. 

Ozonide of diethyl fumarate — refractive index, tid 1.4382; density, 
1.1591; dipole moment, 2.29 X 10“^®; and dielectric constant, 

7.54. 

The molar refractions are higher than theory by 4.93 and 5.10 units, 
respectively. Raman spectra of both compounds show, besides the 
distinguishing lines for ozonides, a characteristic line for one ethylene 
bond. This is not in accord with the generally accepted views of the 
structure of ozonides, but similar observations have been recorded for 
the spectra of the ozonides of substances like eugenol, containing an 
unsaturated allyl group. 
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OZONE I 


Ozone 




H O 

C— ioCjH, 

COCaH, 
H A 

Ozone + Diethyl maleate 


0 
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H O 

fC— UlOCaH, 
[l-rCOCaH, 

H 4 

Diethyl maleate ozonide 


Procedure. A solution of 10.4 g. of diethyl maleate in 25 ml. of 
carbon tetrachloride is cooled to 0 to 5°. A stream of oxygen con- 
taining approximately 3% of ozone is then bubbled through this solu- 
tion at a rate of 10 liters per hour for a period of 7 hours, without 
allowing the temperature to rise. In this way, the reaction is con- 
tinued beyond the point of maximum rate of absorption of ozone, in 
order to obtain the addition of a stoichiometric quantity. Of the 
total amount of ozone bubbled through the solution, 78% is absorbed. 

The carbon tetrachloride is removed at the end of the reaction by 
evaporation under highly reduced pressure. 


References 

Briner, E., Perrottet, E., Paillard, H. and Susz, B., Helv. Chim. Acta 19, 1163, 1364 (1936). 
Cf.: 

Briner, E., and Frank D., Helv. Chim. Acta 20, 1211 (1937). 

Briner, E., Perrottet, E., Paillard, H., and Susz, B., Helv. Chim. Acta 19, 658 (1936); 
20, 762 (1937). 
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OCH— COjH 


ALDO ACID 


Glyoxylic Acid 

Ozone apparently reacts with maleic acid solely as an oxidizing 
agent when water is employed as the solvent, as in this preparation. 
Under these conditions, it differs in its behavior in many respects 
from what has been described in the previous preparation. There is 
no direct indication that any ozonide is formed here. If produced, 
it must decompose immediately, since only glyoxylic and oxalic acids 
have been detected as the reaction products. The same type of oxida- 
tion reaction also occurs with aqueous suspensions of dimethyl maleate, 
producing methyl glyoxylate. 

Similar oxidation reactions to those in water may occur when ozone 
is bubbled through solutions of maleates in the ionizing solvent, glacial 
acetic acid, but the products have not been isolated. It is to be 
hoped that further study may be made of them, since much might be 
revealed concerning the true nature of these oxidizing reactions. 
Maleic acid and dimethyl maleate, for example, absorb only 0.66 
mole of ozone before reaction is complete. Dimethyl fumarate, which 
reacts much more slowly, uses up approximately 1.7 moles of ozone. 
Simple olefinic compounds without conjugated carbonyl groupings, in 
contrast, rapidly absorb stoichiometric quantities of ozone. 

Glyoxylic acid occurs as rhombic prisms, which dissolve readily in 
water. The acid and many of its salts crystallize with one molecule 
of water, indicating that it may have a structure analogous to that 
of chloral hydrate. 
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H 0 
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^ (i— (5oh 
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i A 

Ozone 

4 - Maleic acid 


HO 0 0 

o=(l:— i—OH + HO— I!:— l;oH 


Glyoxylic acid 4- Oxalic acid 


Procedure. Ozone is bubbled for a period of 2 hours through an 
aqueous solution containing 2 g. of maleic acid in 10 ml. of water. 
The glyoxylic acid formed is isolated by converting it to the phenyl 
hydrazone with phenylhydrazinium acetate. A yield of 1.4 g. of 
glyoxylic acid phenylhydrazone is obtained in this manner. 

The remainder of the products consists largely of oxalic acid. This 
is recovered from the aqueous solution by precipitation as the calcium 
salt. 


References 

Harries, C., Ber. 36, 1936 (1903). C/.: 

Noller, C. R., Carson, J. F., Martin, H., and Hawkins, K. S., J. Am. Chem. Soc. 58, 
24 (1936). 
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a-FORMYLSUCCINATES 


HC— ollCOR) 


2 


Diethyl a-Formylsuccinate 


This is the only reaction reported for preparing aldehyde dicarbox- 
ylates directly from maleates. Although the procedure involves the 
use of a poisonous gas at relatively high pressures, it is a practical 
one with several features of real merit, not the least of which is the 
relatively high yield. 

Diethyl a-formylsuccinate can also be prepared from diethyl suc- 
cinate and ethyl formate. Each method has certain marked advan- 
tages and disadvantages. 

Ethyl a-formylsuccinate obtained by this method has a boiling point 
of 104 to 105° at 0.04 mm. pressure and a refractive index of 
1.4486. It is 95% pure as ascertained by titration. The pure ester 
has a hi 5 137°. The product obtained from ethyl formate generally 
boils at 124 to 125°, and the p-nitrophenylhydrazone melts at 100 to 
101 °. 

Uses. Although diethyl a-formylsuccinate has not been extensively 
studied as a reactant, several interesting reactions are reported where 
it has been used as an intermediate in organic syntheses. With 
benzoyl chloride, it reacts to form diethyl a-benzoyl-^-formylsuc- 
cinate. With benzyl amine, it gives diethyl a- (benzylaminomethy- 
lene) succinate. This product can be readily converted to 1-benzyl- 
3-carbethoxy-5-pyrrolinone. Various other amines react in a similar 
manner. Alanine esters, a-aminopropionates, for example, give 
dialkyl a- (1-carboxyethylaminomethylene) succinates. Acetamidine 
yields ethyl 4-hydroxy-2-methyl-5-pyrimidine acetate. Aniline gives 
the a- (phenylaminomethylene) succinates, y-anilinoitaconates. Hy- 
droxylamine produces an oxime which, upon distillation, gives an alkyl 
/8-cyanopropionate. 

Hydrolysis of ethyl a-formylsuccinate gives /8-formylpropionic acid. 
This, with sulfuric acid, yields trimeric, six-membered, substituted, 
cyclic oxymethylene. This trimer on distillation produces the bis- 
y-(butyrolactone) ether, ((^C0CH2CH2(jlH)20. ^-Formylpropionic 

acid in pyridine reacts with malonic acid to give adipenic acid, 
H02C{CH2)2CH:CHC02H. • Ethyl ;8-formylpropionate with ma- 
lonic ethyl ester gives the neutral ester of the pentacarboxylic acid, 
2-dicarboxymethyl-l,l,4-butanetricarboxylic acid. 
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ROELEN REACTANTS 


C0 + H* 


Carbon Monoxide and Hydrogen 
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OHO 
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H([)H 

O^ioCjH, 


Hydrogen 


+ Carbon + Diethyl fumarate 
monoxide 


•>> Diethyl a>formylsuooinate 


Procedure. The dicobalt octacarbonyl catalyst is prepared first 
in the manner described in J. Am. Chem. Soc. 70, 383 (1948). 

When this has been done, 40 ml. of the resulting ether solution con- 
taining 2.2 g, of the catalyst is placed in a steel bomb, and 17.20 g. 
of diethyl fumarate and 40 ml. of ether are added to it. The mixture 
is then allowed to react with an excess of carbon monoxide and hydro- 
gen at a pressure not to exceed about 5050 lbs. per sq. in. and an 
ultimate temperature of 125°. The pressure is released when the 
bomb has cooled to room temperature, and the product is recovered 
in the usual manner. 

Purification is carried out by fractional distillation under 1 mm. 
pressure, collecting the portion that boils at 85 to 120°. This fraction 
is redistilled to give a final product, 60.04 104-105°, with a yield of 
51% of theory. 

See the original article for details of the pressure reaction and for 
the precautions to be taken in handling the high pressures and poison- 
ous reactants. 


References 

Adkins, H., and Krsek, G., J. Am. Chem. Soc. 70, 383 (1948). C/.: 
Carri^re, E., Ann. chim. 17, 38 (1922). 

Gravin, A. I., J. Applied Chem. (USSR) 16, 106 (1943). 

Ranganathan, S. K., J. Indian Chem. Soc. 16, 107 (1939). 

Robinson, R., and Rose, J. D., /. Chem. Soc. 1933, 1469. 

Shchukina, M. N., and Preobrazhenskil, N. A., Ber. 68B, 1991 (1935). 
Todd, A. R,, and Waring W. S., J. Chem. Soc. 1944, 548. 

U.S. 2,327,066; 2,377,396; 2,384,068. 


215 



CHAPTER 


7 


Sulfur Compounds 


Sulfur compounds and sulfur probably add to the ethylene bond of 
maleyl compounds with greater avidity than the compounds of any 
other group. In all the reactions described in this chapter, there are 
but three exceptions where the sulfur atoms do not add directly to 
one of the ethylene carbons of the maleyl reactant. 

Sulfur itself reacts to produce the dicarboxyethylene sulfide in impure 
form. Alkylthiols, unlike their oxygen analogs, readily unite with the 
ethylene group of the maleyl group even in the absence of a catalyst, 
to give a whole series of interesting homologs. Thiol acids, even when 
they contain an amino group, react as if they were simple mercaptans. 
The amino group in o-aminothiophenol, however, unites with one of 
the carboxyls of maleic acid to give the heterocyclic 3,4-dihydro-3- 
0X0-1, 4,2//-benzothiazine-2-acetic acid. 

Thioacetic acid unites with maleic acid to produce the thioester of 
malic acid with relative ease. This is particularly interesting, since 
no similar reactions are reported for the oxygen analog, although it is 
well known that acetic acid is capable of forming esters with olefinic 
hydrocarbons. 

The great ease with which the ethylene bond of maleyl compounds 
unites with sulfur atoms is most clearly demonstrated in the case of 
bisulfites. Here sulfonation occurs even from aqueous solution at 
temperatures ranging about 50°. This reaction is used commercially 
to produce an important series of wetting agents that are employed 
in various manufacturing processes. 

Sulfur trioxide is unique as a reactant in that it causes a replace- 
ment of one of the hydrogens of the ethylene bond of maleic anhydride 
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in giving sulfomaleic acid instead of a derivative of succinic acid, us 
is the usual case. Sulfinic acids react in the normal fashion. 

Thiosulfates split during addition to yield a-sulfo-j9-thiosuocinic 
acids. 

Both the amino and the thiol groups of thiourea imite with maleic 
acid in the same manner as o-aminothiophenol, but in this case, union 
takes place at adjacent carbons to yield 2-imino-4-oxo-6-thiazolidine- 
acetic acid. With thiosemicarbazones, three groups take part in the 
addition, namely, the imino group, the thio group, and the amino 
group, to give an azinedioxothiazolideneacetic acid. 

The reaction of diacenaphtho[ 1,2-6, l',2'-d] thiophene with maleic 
anhydride is an example of a Diels-Alder type synthesis where the 
hydrogen sulfide is split off during the preparation of an aromatic 
product. Heterocyclic sulfones lose sulfur dioxide upon adding maleic 
anhydride in a similar manner. 


217 



S>9ll(OH)2 


THIIRANEDICARBOXYLATES 


Diethyl 2,3-Thiiranedicarboxylate 
(Diethyl Ethylene8ulfide-of,/S-dicarboxyla te ) 


This preparation is an interesting one as illustrating the readiness 
with which sulfur and most of its compounds unite with the olefin 
bond of maleyl compounds. The reaction is worthy of further study. 
With modem molecular distillation techniques, undoubtedly a much 
purer compound can be obtained than is given in the procedure on the 
opposite page. 

No properties of 2,3-thiiranedicarboxylic acid or its esters are 
recorded other than that the diethyl ester is an amber-colored liquid, 
which cannot be distilled without decomposition even under reduced 
pressures. 
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Procedure. A mixture of equivalent amounts of diethyl fumarate 
and sulfur is heated with good agitation, at 160°, until the fumarate 
no longer tends to vaporize. The temperature in the flask is raised 
to 210° and held at this point for 2 hours, after which the temperature 
is allowed to cool to 180°, and the pressure is reduced to 20 mm. in 
order to remove any unreacted fumarate. The mixture is cooled to 
room temperature, and any uncombined sulfur is removed by solution 
in an equal volume of absolute ether. 

Reference 

Michael, A., Ber. 28, 1633 (1896). 
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MERCAPTOSUCCINATES 


Dibutyl Amylmercaptosuccinaie 

The procedure given on the opposite page is one of several similar 
methods that have been used for preparing mercaptosuccinic acids, 
their anhydrides or esters. Variations in procedures include the use 
of elevated temperatures or a mercury salt in place of the sodium 
methoxide employed in this preparation. In some cases the presence 
of oxygen apparently inhibits the reaction, but it tends to accelerate 
it in the presence of both light and a mercury salt, according to 
Kaneko. Phenol, hydroquinone, or a copper salt may be added to 
l)revent any polymerization of the product when the reaction is car- 
ried out at 70 to 100''. In some cases simply refluxing the mercaptan 
with sodium maleate in an alkaline solution containing 40% alcohol 
and a small amount of piperidine will give an excellent yield of the 
mercaptosuccinic acid. 

Dibutyl amylmercaptosuccinate boils at 144 to 145° under a pres- 
sure of 1 mm. of mercury. Alkylmercaptosuccinates are readily ox- 
idized by hydrogen peroxide at 18 to 20° to the alkylsulfoxysuccinates, 
by bromine water to a-bromo-;^^-aIkylsulf(mylsuceinates, and by potas- 
sium permanganate to alkylsulfonylsuccinates. Reaction with 
bromine in acetic acid, liowever, yields the a-bromo-/i?-alkylmer- 
captomaleates. 

Uses. Mercaptosuccinic acid and its derivatives have been of 
interest for their marked bacteriostatic action against certain organ- 
isms where other drugs arc ineffective, and as an antidote for mercury, 
lead, and arsenic poisoning. 

Alkylmercaptosuccinic acid esters, such as bis(tetrahydrofurfuryl) 
amylmercaptosuccinate, have been shown to be superior to dibutyl 
phthalate as a plasticizer for butadiene-acrylonitrile rubbers. (p-Hal- 
ophenylmercapto) succinic acid and its derivatives have been used as 
intermediates for ])roducing pharmaceuticals, pest-control agents, 
plant-growth regulators, epithelial stimulants, and resins. For ex- 
ample, carboxylialothiachromanones can be readily obtained from the 
p-halophenylmercaptosuccinic acids by simply heating them with sul- 
furic acid. 
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Procedure. A methanol solution of sodium methoxide is first pre- 
pared from 1.8 g. of sodium. To this solution is added 156 g. of 
l-pentmeihio\ {amyhnercaptnn) and then slowly 376 g. of dibutyl 
inaleate, with constant agitation, care being taken to keep the tem- 
perature below 40"^ during the operation. The reaction mixture is 
next set aside at room temperature for 2 days, following which it is 
washed three times with water, dried, and fractionally distilled under 
reduced pressure. The yield of dibutyl amylmercaptosuccinate ob- 
tained in this way is 474 g,, or 95% of theory. 
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MERCAPTOTRICARBOXYLIC ACIDS 


H 

H02CRS9R(0H)2 


Carboxymethylmercaptosuccinic Acid 

Thiol acids react in the same manner as the mercaptans with maleic 
acid, thereby producing mercaptopolycarboxylic acids. The presence 
of an amino or amide groups in the thiol acid has little or no effect 
on the reaction. For example, cystene forms 2-amino-2-carboxyethyl- 
mercaptosuccinic acid by imiting with maleic acid in the same man- 
ner as thiolacetic acid. More complex aminothiol acids, such as 
HO 2 CCH (NHa ) CH 2 CH 2 CONHCH (CH 2 SH)— CONHCH 2 CO 2 H, 
react similarly. The procedure is thus a general one for thiol acids. 

Carboxymethylmercaptosuccinic acid when recrystallized from 
water softens at 135° and then melts at 140.5°. The compound is 
readily soluble in water, methanol, ethanol, and acetone. It is less 
soluble in cold ether, slightly soluble in ethyl acetate, and in acetic 
acid, and practically insoluble in chloroform, benzene, toluene, xylenes, 
and light petroleum. 

Use. These acids offer a number of possibilities for various syn- 
theses. The presence of several carboxyl groups in their structure 
suggests that interesting resins can be prepared from them. The 
monoesters, such as carbooctyloxymethylmercapto- and carbo- 
dodecyloxymethylmercaptosuccinates, show surface active properties. 
Through oxidation, sulfonyl and sulfo groups can be introduced to 
replace the mercapto group. 
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Procedure. To 400 ml. of an aqueous solution of 12.8 g. of sodium 
maleate, pH of 7.4, is added 200 ml. of an aqueous solution of 8.9 g. 
of sodium thiolacetate of the same alkalinity. The mixture is then 
diluted with 400 ml. of water and held at 37° under partial pressure 
for 22 hours. The reaction product is purified by repeated precipita- 
tion with mercuric sulfate and with cadmium sulfate, using hydrogen 
sulfide to decompose the precipitates. The acid is then allowed to 
crystallize from a concentrated solution and is recrystallized from 
water. If a correction is made for the 4.2 g. of unreacted thiolacetate, 
the yield is practically theoretical. 
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ACETOTHIOMALIC ACID 


Mercaptosuccinic Acid Acetate 
(Acetothiomalic Acid, Thiomalic Acetate) 

A further illustration of the ease with which sulfur compounds com- 
bine to saturate maleyl compounds by a S — C linkage is shown by 
this preparation. When fumaric acid is used in place of maleic acid 
the reaction takes place much more slowly. Maleic anhydride yields 
mercaptosuccinic anhydride acetate. An analogous reaction with 
acetic acid has not been reported, although it is well known that this 
oxygen analog readily adds to many unsaturated compounds to pro- 
duce acetates. 

Mercaptosuccinic acid acetate is a colorless crystalline solid that 
melts at 125 to 126°. It can readily be converted to the anhydride 
that melts at 71 to 73°. The anhydride absorbs moisture from the 
air if allowed to remain exposed to it. Upon saponification, thiomalic 
acid is obtained. This acid melts at 150 to 151°. 

Use. These compounds should have a number of commercial uses. 
They are of particular interest as possible insecticides and fungicides. 
They have also been recommended for imparting tack to GR-S types 
of synthetic rubbers. 


224 



RCOSII 


THIOCARBOXYLIC ACIDS 


Thioacetic Acid 



Thioacetic acid + Maleic acid Mercaptosuocinio aoid acetate 


Procedure. A solution containing 23.2 g. of maleic acid, 20 g. of 
thioacetic, and 80 ml. of ethyl acetate is refluxed for one hour. The 
reaction mixture is cooled and 400 ml. of benzene is added to it. The 
addition of benzene causes the product to separate; it is collected and 
dried in the usual way. The yield is 32 g., or 83% of that required 
by theory. 
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SULFOSUCCINATES 


NaOaS OR 
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^ONa 


Disodium Octyl Sulfosuccinate 

The procedure given is a general one for preparing sulfosuccinic acid 
and its mono esters. Essentially, it is a reaction between the bisulfite 
ion and that of the maleate ion. It illustrates further the marked 
aiBSnity that sulfur-bearing ions and compounds have for maleyl 
derivatives. When neutral esters are employed, sodium bisulfite must 
be used as the other reactant. 

Sulfosuccinic acid and its derivatives may also be prepared from 
bromosuccinic acid and bisulfites and by the oxidation of mercapto- 
and sulfinosuccinic acids or their esters. The yields and simplicity 
of procedure, however, do not favorably compare with those obtained 
by the procedure described. Small amounts of sulfosuccinic acid are 
also obtained when succinic acid is treated with sulfur trioxide. 

Disodium octyl sulfosuccinate is a white, amorphous, somewhat 
sticky product that dissolves very easily in water. Aqueous solutions 
show marked emulsifying and wetting properties. Sulfosuccinic acid, 
in contrast, forms hygroscopic crystals containing one mole of water. 
Upon heating, it decomposes at 60° and darkens badly at 80° without 
melting. 

Use, Compounds of the above type may be employed as wetting 
agents in textile processes, and as agents for preparing emulsions 
synthetic rubber latex, polymerizing solutions, and insecticidal sprays. 
These are but a few of many industrial uses that might be cited. 
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NaHSO* SULFITES 


Sodium Bisulfite 

0 H„C,0C==0 

Naol 

1 hAh 

NaoA==0 

Disodium ootyl sulfosuooinate 

Procedure. To a solution of 126 g. of sodium sulfite in a liter of 
water is added 228 g. of octyl acid maleate. The reaction mixture is 
heated to 50° and gently agitated at this temperature until it yields 
a clear solution. The solution is neutralized and carefully evaporated 
to dryness to obtain the succinate as an amorphous solid, or if an 
aqueous solution is desired, the reaction mixture as such is adjusted 
to the desired concentration. 


Na 
0 ? 

o ft- 


HiiC,0C=0 

in 

is 

NaoA=0 


Sodium bisulfite + Sodium octyl acid maleate 
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H 

H03S9ll>0 


SULFOACID ANHYDRIDES 


Sulfomaleic Anhydride 

Sulfur trioxide, unlike other sulfur compounds, adds to maleic 
anhydride by displacing one of the hydrogens to give sulfomaleic 
anhydride, as shown. When maleic acid or fumaric acid is used in 
place of the anhydride, these acids are first converted to the anhydride 
by the sulfur trioxide. Neither the sulfomaleic anhydride nor its 
acids have been isolated as such but only as the salts as given in the 
preparation. Some conversion of sulfomaleic acid to sulfofumaric acid 
appears to take place during this preparation. 

Alkali salts of sulfomaleic acid are produced in small amounts when 
those of acetylenedicarboxylic acid are allowed to react with bisul- 
fites. The major product, however, is the salt of disulfosuccinic acid. 
The disulfosuccinates are also formed when alkali sulfomaleates react 
with bisulfites. The latter reactions take place more rapidly than the 
former. This would indicate that in the reactions with acetylenedi- 
carboxylates, the sulfomaleates are converted to the disulfosuccinates 
almost as rapidly as they are formed. 

The barium salt of sulfomaleic acid crystallizes with seven moles 
of water. 
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SULFUR TRIOXIDE 


SO, 


Sulfur Trioxidc 


o-L 


o 

11 

c— c 


-f 


0 


H II 

() 
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Ba(OH)2 

^ 


Sulfur trioxide 


+ Maleic anhydride 




OBa O 

0=1 0— (UlOBa 

I) 1:— COBa 

« A 

Barium sulfomaleate 


Procedure. Forty-nine grams of maleic anhydride is cooled in a 
bath of ice, and 43.4 g. of sulfur trioxide is carefully distilled into it. 
The mixture is then slowly warmed to 35*^ and held at this tempera- 
ture until it becomes homogeneous. Then it is held at 50° for 5 hours, 
care being taken not to permit the exothermic reaction to exceed 68° 
in order to avoid excessive sulfonation. When the reaction is com- 
plete, the mixture is cooled, and the red-brown solid mass is dissolved 
in 200 ml, of water. The aqueous solution is extracted with 25 ml. 
of ether to remove the 20 g. of the unreacted maleic acid and then 
treated with barium chloride to eliminate the sulfuric acid. After 
being filtered the mother liquor is concentrated and carefully neu- 
tralized with a cold solution of barium hydroxide. The voluminous 
precipitate so obtained is collected and washed twice by suspending 
it in a liter of water. When finally collected, it is dried in air. 


Keference 
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SULFONYLSUCCINIC ACIDS 


0 

ArS9ll(0H) 

(!) 


2 


Phenylsulfonylsuccinic Acid 

Maleyl compounds add sulfinic acids in the same manner as they 
do thioacetic acid and bisulfites (q.v.). The reaction is a general one. 
Maleic anhydride, maleic acid, fumaric acid, or their salts may be 
caused to react with the sulfinic acid in either an aqueous solution or 
in an organic solvent. Mineral acid is added if the salts are used. 
The temperature may be varied from 45 to 100°. The sulfonyl com- 
poimds that have been prepared in this way include such sulfonyl- 
succinic acids as the benzyl- , p-methylphenyl- , p-acetamidophenyl- , 
4-methyl-3-nitrophenyl- , 4-methyl-3-aminophenyl- , 4-chloro-3- 
nitrophenyl- , and benzoxazolone derivatives. 

Phenylsulfonylsuccinic acid occurs as crystals that melt at 100° in 
the water of their own crystallization, becoming solid at 105 to 106° 
and again melting at 135° to a clear homogeneous liquid. It may be 
oxidized with permanganate to the sulfonic acid. 

Uses. These compounds are used as intermediates in the manufac- 
ture of dyes, synthetic tanning agents, and textile assistants. 
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Ar(H)S02 


SULFINIC ACIDS 



Benzenesulfinic Acid 


0 

0 

0 0 


o-l:oH 

H,C,— 1— c— lf:OH 


+ 1 — > 

0 1 

H-^ 

C— COM 

HC— COH 


H II 

H II 


0 

0 

Benzenesulfinic acid 

■+■ Maleic acid Phenylsulfonylsuccinic acid 


Procedure. To a solution of 3.6 g. of benzenesulfinic acid in 
75 ml. of water is added 2.9 g. of maleic anhydride. This mixture is 
then held at 45® for 5 days. At the end of this time, it is cooled 
and diluted with 20 ml. of water. When crystallization is complete, 
the product is collected upon a filter, sucked dry, and then recrystal- 
lized from 25 ml. of water. The yield of crude acid is practically 
equivalent to the theoretical amount, 5.6 g., whereas 3.3 g. or 60% 
is obtained of the pure product. 
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SULFOTHIO ACIDS 


HS 


HOjS 


j 

^9R(0H)2 


a-Sulfo-/3-thio8uccinic Acid 

Thiosulfuric acid readily adds to maleic acid to produce a,yS-sub- 
stituted succinates, as shown by the preparation on the opposite page. 
In this reaction, a cleavage takes place between the sulfur atoms of 
this acid, enabling them to add to both carbons of the unsaturated 
ethylene bond of the maleyl compound. The thiosulfuric acid thus 
behaves as if it were a mixture of free radicals from hydrosulfuric and 
sulfurous acids. 

a-SulfO"j8-thiosuccinic acid is a yellow solid that decomposes at 
105°. The ethyl ester is a thick yellow oil with a pear-like odor. 

Use. This acid has an interesting structure, and it should offer a 
number of possibilities for organic syntheses. 
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THIOSULFATES 


H2S2O, 

Sodium Thiosulfate 
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H « 

HOS— C— COH 

0 0 


0 

r 1 

Thiosulfuric acid 

+ 

Maleic acid 

— >• a-Sulfo-/5-thio8Uccimo acid 


Procedure. An aqueous solution of 158 g. of sodium thiosulfate is 
added with constant stirring to one containing 116 g. of maleic acid 
and 98 g. of sulfuric acid. No sulfur is formed under these conditions. 
When the reaction is complete, the fumaric acid is removed by filtra- 
tion, and the filtrate is carefully evaporated. The mixture of prod- 
ucts is then extracted with alcohol and purified by converting the 
acids to their ethyl esters, extracting with ether and saponifying with 
hydrochloric acid. «-Hydroxy-j8-8ulfosuccinic acid is formed as a 
by-product. 

Reference 

Tanatar, S., and Volyanskii, I., J. Russ. Phys. Chem. Soc. 44, 1320 (1913); C. A. 7, 984 
(1913). 
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PSEUDOTHIOHYDANTOIN ACIDS 


H OH 

s/ Nnh 

NH 


2-Imino-4-oxo-5-thiazolidineacetic Acid 

Thioureas, unlike urea (q.v.), react in their enol form with both 
maleic and fumaric acids to produce derivatives of iminothiazolidone, 
instead of thiohydantoin. Thus thiourea, like other compounds con- 
taining sulfur, adds at the sulfur atom. The preferential reaction, 
like that of the other reactants, is a union of the sulfur atom with 
one of the carbons of the ethylene group of the maleyl bond. The 
fact that 2-imino-4-oxo-5-thiazolidineacetic acid has also been pre- 
pared from mercaptosuccinic acid and cyanamide, and from thiourea 
and bromosuccinic acid, leaves no doubt that the pseudothiohydantoin 
acid is the one formed here. The preparation is a general one, since 
diaryl derivatives such as 2-phenylimino-3-phenylthiazolidone-5- 
acetic acid have also been prepared by the same procedure from sub- 
stituted thioureas. 

2-Imino-4-oxo-5-thiazolidineacetic acid, when pure, occurs as fine 
colorless needles, which decompose without melting at 210 to 212°. 
When heated rapidly they decompose at 218°. The compound dis- 
solves easily in hot water but is practically insoluble in cold water 
and in alcohol. With acids, it decomposes to form mercaptosuccinic 
acid and cyanamide. It gives sulfosuccinic acid and urea when 
oxidized. Since the compound contains an asymmetric carbon atom, 
it should be possible to resolve it into two optically active isomers. 

Uses. These compounds from their structure should find use as 
intermediates in the synthesis of pharmaceuticals and fungicides. 
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THIOAMINES 
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2-Imino-4-oxo-5- 
thiazolidineacetic acid 


Procedure. A powdered mixture of 5 g. of maleic or fumaric acid 
and 3.3 g. of thiourea, with 3 to 4 ml. of water, is heated in a pressure 
tube for 2 hours at 105°. When the tube is cooled, fine needles form 
that readily settle to the bottom of the liquid. These crystals are re- 
moved when crystallization is complete, and are then recrystallized 
from hot water in which the product has limited solubility. Only one 
recrystallization is necessary to obtain a highly purified product. 


Reference 

Andreasch, R., Monatsh. 18, 56 (1897). 
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HETEROCYCLIC ACIDS 




H9110H 


V\- 


NH 


394 -Dihydro- 3 -oxo-l 9492 H-benzothiazi]ie- 2 -acetic Acid 
(2,3-Dihydro-3-oxo-l,4-benzothiazine-2-acetic Acid ) 


This reaction with o-aminobenzenethiol clearly demonstrates how 
the mercapto group adds preferentially to the C:C bond of maleyl 
compounds, whereas the amino group generally adds to the carbonyl. 
Since the yield is practically a theoretical one, there is no addition 
of the amino group to the ethylene bond in this reaction. This might 
be expected from what has been seen of the reactivity of these groups 
in compounds that contain only one of them. The method is con- 
venient for preparing certain heterocyclic acids of this type. Fumaric 
acid or monobromosuccinic acid may be substituted for maleic acid 
in this preparation. 

3,4-Dihydro-3-oxo-l,4,2jRr-benzothiazine-2-acetic acid occurs as 
colorless needles that melt at 195 to 196°. The compound is soluble 
in alcohol, sparingly soluble in ether, and insoluble in benzene, chloro- 
form, and ligroin. 

Uses, These acids should be interesting reactants for various syn- 
theses. 
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o-HaN— C«H4— SH 


AMINOTHIOPHENOLS 


o-Aminobenzenethiol 
(o- Aminothiophenol ) 

HOC-0 

1 



o-AminobenzenethioI 3,4-Dihydro-3-oxo-l,4,2^r- 

+ Maleic acid bencothiazine-2-acetic acid 


Procedure* Three grams of o-aminobenzenethiol is mixed with 
3.5 g. of maleic acid. Considerable heat is evolved during the mixing, 
which causes the mixture to set to a hard mass. To insure completion 
of the reaction, the resulting mass is heated for a few minutes at 100 
to 110"^, then cooled, broken up, and recrystallized from dilute alcohol. 
The yield is 5 g., or 93.5% of the theoretical amount. 

Reference 

Mills, W. H,, and Whitworth, J. B., J, Chem. Soc. 192*7 ^ 2751. 
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THIAZOLEDIONEACETIC ACIDS 


H OH 
9)1 


S<^ ^NR" 

^ C^N— N=CRR' 


2-Acetoneazine-2,4-dioxo-5-thiazolidineacetic Acid 
(2,4-Diketotetrahydrothiazole-2-isopropylidenehydrazone-5-acetic Acid) 

Thiosemicarbazones, like thiourea and o-aminobenzenethiol (g.t'.); 
react with maleic anhydride by the sulfur group attaching itself to 
the ethylene bond of the maleyl compound and the amino to one of 
the carbonyls. In this case there is a shift in the double bond of the 
thiosemicarbazone from the C — S to the C — N linkage. This takes 
place simultaneously, giving rise to an azine, as shown in the equation 
on the opposite page. 

This preparation is a general one. It has been used in preparing 
the acetophenone, 3-methylcyclohexone and benzaldehyde analogs, 
and similar compounds of 3-methyl- and 3-phenylthiocarbazones. 

No definite compounds have been isolated from hydrolysis of the 
products with dilute hydrochloric acid, but with concentrated acid, 
the acetophenone and acetophenone-3-methyl derivatives yield aceto- 
phenone, hydrazine dihydrochloride, and the dioxothiazolidineacetic 
acid. 

2-Acetoneazine-2,4-dioxo-5-thiazolidineacetic acid melts at 223° 
when recrystallized from an acetone-light petroleum mixture, from 
which it is obtained as a microcrystalline powder. 

Use, The procedure is a suitable one for preparing derivatives for 
the identification of thiosemicarbazones. 
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rC=NNHC— NHR" 


THIOSEMICARBAZONES 



Acetonethiosemicarbazone 
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2-Acetoneazine-2,4-dioxo- 
5-thiazolidineacetio acid 


Procedure. A mixture of 14.5 g. of acetonethiosemicarbazone and 
9.8 g. of maleic anhydride is dissolved in a mixture of benzene and 
acetone, and the solution is refluxed for 15 minutes. The product sep- 
arates as crystals when the reaction mixture is cooled. These crystals 
are then collected, washed, and recrystallized from acetone by adding 
a light petroleum solvent. 


Reference 

McLean, J., and Wilson, F. J., J. Cherit, Soc. 1939, 1048. 
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DI(1,8-NAPHTHALENE)PHTHALIC ANHYDRIDE 


Benzo[l,2-a,3,4-o']diacenaphthalenedi-7,8-carboxylic Anhydride 

(Diacenaphtho[l,2-e,1^2'-g]-7,9-isobenzofuratidione 
or 3,4,5,o-Di(l,8-naphthalene)phthalic Anhydride) 


Thiophene, like benzene, does not undergo a Diels-Alder reaction 
with maleic anhydride or other dienophiles. The same is probably 
true for the methyl and dimethyl derivatives, thiotolene and thioxene. 
Isobenzofuranes add maleic anhydride, but isobenzothiophene and 1,3- 
diphenylisothiophene do not. However, the highly phenylated 1, 3,5,6- 
tetraphenylisobenzothiophene forms an adduct that dissociates into its 
constituents at its melting point, and diacenaphtho[l,2-b,r,2'-d]- 
thiophene adds maleic anhydride at elevated temperatures, with a 
loss of hydrogen sulfide, as shown on the opposite page. Other de- 
rivatives containing groups that might activate the conjugated double 
bond might be expected to behave similarly. 

The diacenaphtho[l,2-6,T,2'-d]thiophene adduct with the sulfur 
bridge has not as yet been isolated, nor has it been shown to be 
present in the mixture of reaction products. A good yield of benzo- 
[l,2-a,3,4-a']diacenaphthalene-7,8-dicarboxylic anhydride is obtained 
after the treatment with potassium hydroxide. The diacenaphtho- 
thiophene adduct may be formed at least as an intermediate during 
the reaction. 

Benzo [l,2-a,3,4-a'] diacenaphthalene-7,8-dicarboxylic anhydride oc- 
curs as yellow needles that do not melt but decompose at about 
385°. The compound is practically insoluble in common organic sol- 
vents and in aqueous alkalies. It is slightly soluble in alcoholic 
alkalies. 
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THIOPHENES 


Diacenaphtho[l92-b,1^2'-d] thiophene 
(2,3,4,5-Dinaphthalenethiophene) 



Diacenaphtho- -f* Maleic 

(1,2-6,1'.2 -dlthio- anhydride 

phene 



Benzo[l,2-a,3,4-a']diace- 
naph thalene-7 , 8-dioar- 
Doxylio anhydride 


Procedure. Diacenaphtho [ 1, 2-6, thiophene is prepared first 
from acenaphthalene and sulfur. [See Ber. 36^ 966, 1586 (1903).] 
Then 0.12 g. of it is thoroughly mixed with 0.4 g. of maleic anhydride, 
and the mixture is heated for 15 minutes at 225° in a heavy-walled 
tube. Upon cooling, the reaction mixture is removed and broken up. 
It is next extracted with hot water and then with 10 cc. of a 5% 
solution of potassium hydroxide. The product that remains is col- 
lected upon a filter, dried, and recrystallized twice from phenyl ether. 
The yield is 0.08 g., or 60% of the theoretical amount. 


References 

Clapp. D. B., J. Am. Chem. Soc. 61, 2733 (1939). C/.: 
imen, C. F. H., and Gates, J. W., Jr., J. Am. Chem. Soc. 65, 1283 (1943). 
Norton, J. A., Chem. Revs. 31, 319 (1942). 
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R'C— CH 2 


/ 


9ll>0 


THIOETHERS OF CYCLOHEXENEDI- 
CARBOYLIC ANHYDRIDES 


4-tert-Butylmercapto-5-methyl-4-cyclohexene-l,2-dicarboxylic 

Anhydride 

Heterocyclic sulfones obtained from butadienes readily lose sulfur 
dioxide when allowed to react with maleic anhydride. Substituted 
cyclohexenedicarboxylic anhydrides may thus be prepared in this man- 
ner. The procedure given is apparently a very general one. It has 
been used for the synthesis of several alkylmercaptomethylcyclo- 
hexenedicarboxylic anhydrides. It is likely that the substituted 
butadienes are formed as an intermediate during the reactions, since 
the reactions can be carried out in two steps: by (1) heating the sul- 
fone to produce the butadiene thioether and (2) then allowing the 
latter compound to react with maleic anhydride. The products ob- 
tained by the two procedures are identical. 

4-teri-Butylmercapto-5-methyl-4-cyclohexene-l,2-dicarboxylic an- 
hydride melts at 128.5 to 129.5°. 

Uses. These compounds offer interesting possibilities for chemical 
synthesis. 
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RS— C— CH2 


HETEROCYCLIC SULFONES 


R'C— CHs 


SO. 


3-tert-Butylmercapto-2,5-dihydrO“4-methylthiophene 

1-Dioxide 
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3-<erf-Butylmercapto-2,5- 4- Maleic 
dihydro-4-methylthiophcne 1- anhydride 

dioxide 
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H, 

4-<erf-B u ty I mercap to-5- methy 1- 
4-cy clohexene- 1 , 2-d icar boxy lie 
anhydride 


Procedure. A mixture of 22.0 g. of 3-^er^-butylmercapto-2;6- 
dihydro-4-methyl thiophene 1 -dioxide and 9.8 g. of maleic anhydride is 
heated in a hood at 160 to 165° for half an hour. During this time 
sulfur dioxide is evolved. The reaction mixture is cooled and dis- 
solved in benzene. From this solution the product is obtained as 
colorless crystals. 

The sulfone used in this preparation may be synthesized from 2- 
chloro-3-methyl-l, 3-butadiene, as described in the following reference. 

Reference 

Backer, H. J., and Blass, T. A. H., Rec. trav. chim. 61, 785 (1942). 
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CHAPTER 


8 


Energy and Catalysts 


Both light and heat may have two different types of effect upon 
inaleyl compounds. The first is decarboxylation, such as occurs when 
a dilute solution of maleic acid is exposed to ultraviolet light, or when 
its aromatic esters are heated at their boiling points. The other effect 
is the isomerization of the ds-acid and its esters to their irans-forms, 
such as occurs when maleic acid is heated in an inert atmosphere at 
145 to 260° for half an hour, or when the solid acid or its solutions 
are exposed to strong sunlight. 

Numerous types of substances can act as catalysts to cause isomeri- 
zation to occur at various temperatures. These substances vary 
widely in their effectiveness. Such catalysts include a variety of 
sulfur compounds, as, for example, thiourea, thiazoles, thiazolines, 
thiuram disulfide, dithiocarbamates, mercaptans, alkyl disulfides, salts 
of thio acids, thiosulfates, thiocyanates, sulfur, and mixtures of sulfur 
dioxide and hydrogen sulfide. Other catalysts include the acids: 
nitric, sulfuric, perchloric, hydrochloric, hydrobromic, and hydroiodic; 
the heavy metal salts of lead, copper, and silver; bromine; and 
aqueous suspensions of platinum black. Finely dispersed sulfur cat- 
alyzes the transformation only at elevated temperatures. No isom- 
erization with sulfur takes place at ordinary temperatures. For 
example, no fumaric acid is formed when sulfur is produced by decom- 
posing thiosulfate solutions by mineral acids in the presence of 
maleates. 

Various amines can also cause this cis-trans conversion. Such sub- 
stances include ammonia, pyridine, and primary and secondary amines. 

When maleic acid is heated with water in the preparation of malic 
acid, fumaric acid is also formed. An equilibrium mixture of the 
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three acids exists for each set of conditions. It is believed that the 
direct isomerization of maleic acid to fumaric acid is an irreversible 
reaction. Equilibrium in the case of the three acids is assumed to 
result, therefore, from the independent reversible reactions of maleic 
and fumaric acids with water to form malic acid. 

There is no indication that deuterium is added to the ethylene bond 
of maleic acid when deuterium chloride is employed as the catalyst in 
this isomerization. Since the rate of the catalyzed reaction is a func- 
tion of the concentration of the catalyst, some investigators have postu- 
lated that the catalyst XY may add to the maleyl bond of the maleic 
acid in the 1,4-positions during the reaction to form compounds of the 
general type HO — C=C — CH — C — OH. Molecules of such addi- 

I I I II 

YO H X 0 

tion products having a single bond between the carbons in the 3- and 
4-positions would thus be free to rotate about this position to form 
the traws-isomers when splitting off the catalyst. 
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HjC^CHCOjH 


UNSATURATED ACID 


Acrylic Acid 

Acrylic acid may be prepared by the decarboxylation of maleic or 
fumaric acid. The method shown on the opposite page is of interest 
in showing how the decarboxylation can be induced by the action of 
actinic rays upon solutions of maleic acid. Acrylic acid may also be 
prepared from maleic anhydride by vaporizing the anhydride in an 
atmosphere of nitrogen that is saturated with water and passing the 
mixture over activated silica gel heated to 400°. 

Acrylic acid is a colorless liquid that freezes at 12.3° and boils at 
141.9°. It is soluble in water and alcohol. 

Use. Acrylic acid is used in the manufacture of synthetic rubbers 
and plastics, and in the synthesis of vitamin B and other materials. 
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ENERGY 


Light 



C-COH 

Maleic acid -f Light 




H 

CH 


C~COH 

Acrylic acid 


Procedure. A 0.0066 M solution of maleic acid is exposed for 15 
minutes to the radiation of a mercury vapor-quartz, Westinghouse 
lamp (110 volts, 3.5 amp,). Under these conditions a gas is evolved 
that is exclusively carbon dioxide. That the resulting solution con- 
tains acrylic acid is demonstrated by preparing the acid chloride from 
it in the usual manner. 
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ArCH=CHAr 


AROMATIC HYDROCARBONS 


Stilbene 

Aromatic esters of fumaric acid when heated at their boiling points 
lose first one and then a second molecule of carbon dioxide, as shown 
in the equation on the opposite page. The procedure is a general one. 
It has also been used to prepare such substituted stilbenes as the 
p,p'-dichlorostilbene, p,p'-dinitrostilbene, and the o.o'-dimethylstil- 
bene. It is equally applicable to the intermediate products, the aro- 
matic esters of cinnamic acid. 

Pure stilbene fuses at 124°. With bromine, it reacts to yield 
dibromobibenzyl, which melts at 235°. 

Use. Stilbene derivatives are of interest as intermediates in the 
preparation of dyes. 
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AH 


ENERGY 


Heat 


H 

11 

0 

II 

CO 



H 

C-CeH, 

Heat. II ' 

CH 

1 


II 

CH 

1 

II 

CH 

1 

0=COQH 

6 

0=C0C,H5 

CcHs 

Diphenyl fumarate 

>• Phenyl cinnamate 

^ Stilbene 


Procedure. Ten grains of diphenyl fumarate are heated in an inert 
gas for 25 hours at 290 to 300°, during which time carbon dioxide is 
evolved. When the reaction is complete, the mixture is cooled and 
then fractionally distilled under approximately 11 mm. pressure. A 
small amount of phenol distills over when the temperature reaches 
86 to 90°, and then the crude stilbene is obtained. The latter is 
recrystallized from alcohol to obtain a pure product. 

Some phenyl cinnamate may be recovered during the distillation 
if the reaction is stopped when only half the carbon dioxide has been 
evolved. Even under these circumstances, stilbene is the major prod- 
uct. Considerable amounts of a resinous residue is left in both cases. 
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^rans-QH (0H)2 


trans-ISOMERS 


Fumaric Acid 

This method can be used equally well with the esters of maleic acid 
to obtain as high as 98% conversion to the fumarates. Quantitative 
yields of pure fumaric acid are also obtained by simply heating maleic 
acid, as described in the introduction to this chapter. 

Fumaric acid occurs as monoclinic prisms that melt at 287°. This 
acid is almost insoluble in cold water, but it is quite soluble in boiling 
water, having a solubility of 0.7 g. and 9.8 g. per 100 cc., respectively, 
at 25° and 100°. It is soluble in ethyl alcohol but relatively insoluble 
in diethyl ether. 

Maleic acid melts at 130.5°. It is very soluble in both hot and 
cold water and in alcohol, and quite soluble even in ether. It also 
occurs as monoclinic prisms. 

Uses. Fumaric acid is a suitable starting material for most of the 
reactions described in this book. Uses for the reaction products have 
already been mentioned. Fumaric acid has become an important 
product technically. By far the greatest amount of material is used 
in the preparation of esters, resins, and plastics. Among the interest- 
ing but less important uses that might be mentioned is its use in pro- 
ducing birefringent optical films, the use of certain of its salts as 
cathartics, in treating chronic alcohol intoxication, in chrome tanning, 
wool printing, silk dyeing, and cotton print discharging. 
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AH or Catalyst 


HEAT OR CATALYST 


Isomerization 


0 

HC— l:OH 

hI:— coH 

II 

0 


Heat or 

>. 

Catalyst 


HO< 


H 


CH 

C-COH 

A 


Maleic acid heat or catalyat pun,jrio acid 


Procedure. One hundred grams of maleic anhydride is added to 
a solution of 2.5 g. of 2-mercapto-4-methylthiazole in 85 ml. of water. 
The solution is then heated to boiling and stirred constantly at this 
temperature for 2^/^ hours. The 90 g. of fumaric acid that separates 
upon cooling is removed, and the filtrate is heated for an additional 
4 hours. Most of the water is then distilled off, yielding an additional 
22 g. of fumaric acid to give a total yield of 95% of theory. 
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INDEX 


Abietic acid, 190 
esters, 171, 190, 191 
Absorption spectra, 20, 108, 180 
Acenaphthalene, 10 
Acetal; dipropyl-, 70 
Acetaldehyde azine, 136 
Acetal dimer, 170, 171 
Acetamidine, 214 

Acetic acid, effect of strength, 128 
failure to add to the C:C group, 108 
glacial, ozonization in, 212 
refluxing with, 14 

Acetoacetic acid; sodium derivative, 
ethyl ester, 68, 69 
Acetone, 132, 160 
azine, 136 

thiosemicarbazone, 138, 139 
Acetonediacetic anhydride, 56 
Acetonitriles; phenyl-, 72 
Acetophenone, 238 
azine, 136 
desyl-, 78 

thiosemicarbazone, 238 
Acetyl chloride, 47, 106, 108 
Acetylene ; ( 1-cyclohexen-l-y I ) ( 1-cy- 
clopenten-l-yl)-, 20, 21 
dibenzoyl-, 94 

Acetylenedicarboxylic acid, 28, 30, 228 
Acetylene group, 20, 180 
Acetylenes; dialkenyl-, 21 
Acid chlorides, 29, 44, 47-60 
Acids, heterocyclic, 236 
saturated, 66 
unsaturated, 246 
Acidulent, 172, 178 

Aconitic acid, acetyl-, triethyl ester, 32 
Acrylic acid, 120, 246, 247 
iS-aryloyl-, 74, 88 
i3-benzoyl-, 59, 74-76, 88-91, 168 


Acrylic acid, a-chloro-jS-iodo-, 30 
/3-(2, 4-dimenthoxybenzoyl)-, 92, 93 
esters, 202 
Acyl peroxides, 202 
Addition; 1,2-, 54, 69, 76, 78, 80, 84 

1.3- , 13q 

1.4- , 54, 59, 74, 76, 78, 80, 82, 84, 86, 

164, 245 
1,6-, 54, 69, 82 
asymmetric, 86 
crisscross, 136 
Adduct of a-terpinene, 8, 18 
Adducts, aromatic, 16 
chlorinated, Diels-Alder, 32 
Diels-Alder, 4, 5, 8, 12, 13, 18, 170, 
186, 192 
diene type, 10 
heterocyclic, 186 
poly-, 192, 193, 196-201 
sulfonated, 12 
terpene, 18 
unstable, 171 

Adhesives, 18, 26, 32, 110, 154, 172, 202 
plasticizer for, 66 
for pressure-sensitive tape, 176 
for safety glass, 110 
Adipenic acid, 214 
Adrenalin, manufacture, 178 
Air, effect on polymerization, 24 
Alanine, esters, 214 
Alcohols, 68, 64-67, 170, 176 
aliphatic, 64, 65 
amino, 167 

polyhydric, 18, 68, 176, 177 
unsaturated, 66, 67 
Aldehyde dicarboxylic acid, esters, 214 
Aldol condensation, 65 
Alkanes; diketo-, 79, 84 
Alkanetetracarboxylic acids, 206 
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Alkenediols, 80, 82 
tetraaralkyl-, 80 
tetraaryl-, 80 

Alkenepoly carboxylic acids, 190 
Alkenoic acids ; hydroxy-, 86 
Alkoxides, 32, 34, 65, 69, 71-73, 162 
Alkyl chlorides, 28, 40, 41 
Alkyl disulfides, 244 
Alkylenyl group, C 5-125 40 
Alkylmagnesium bromides, 86 
Alkyl reagent, 78 
Allylmagnesium chloride, 205 
Aluminum, cleaning agent, 178 
oxidation of, 172 

Aluminum chloride, anhydrous, 33, 50, 
58, 88-95 

Amides, 102, 104, 110, 166, 222 
Amination, complete, 116 
Amine diols, 166 

Amines, 94, 107, 112, 113, 117, 119, 121, 
124, 214, 244 
alkyl-, 112 

N-alkylfurfurylidene-, 105 
aryl-, 107, 112 
dimenthylolalkyl-, 120 
heterocyclic, 118, 119 
hydroxy-, 143 
hydroxyalkyl-, 110 
hydroxyary 1-, 112 
methylolalkylaryl-, 120 
tertiary, 120, 121 
Amino acids, 72, 98, 144, 168 
Amino alcohols, 168 
Amino group, 112, 126, 132, 144, 166, 
236 

afiinity for carbonyl, 98, 101, 105, 107, 
111, 112, 115, 117, 123, 125, 127, 
129, 131, 133, 135, 139, 146, 222 
of amides, 144 
in hydrazine, 126 
secondary, 104, 112 
Aminothiol acids, 222 
Ammonia, 32, 34, 38, 96, 98-105, 110, 
111, 114, 115, 244 
Ammonium salts, quaternary 
intramolecular, 120 
Amyl mercaptan, 221 
Analysis, chemical reagent for, 56 


Anethole, 171, 194, 196 
Anhydroacetonebenzils bimolecular, 
170, 200, 201 
Aniline, 32, 106, 107, 214 
N-alkadienyl-, 96, 146 
N-benzylidene-, 140, 141 
N-cinnamylidene-, 140 
p-chloro-, 161 

N-(2,6-dihydro-2-oxo-5-furylidene)- 
p-methoxy-, 108 
2-ethyl-2-hexylidene-, 146, 147 
N-hexenylidene-, 140 
Anils, 46, 107, 109 
Anisaldehyde azine, 136 
Anisole; methyl-, 92 
Anthracene, 16, 17, 32 
9,10-endo-a,/3-succinic anhydride ; 

9,10-dihydro-, 16, 17 
9-phenylmethyl-, 10 
Anthranil, 152 
C-phenyl-, 152 

Anthranilic acid ; N-benzylidene-, 140 
Anthrone; 9-methylene-, 16 
Antidote for poisons, 220 
Anti-gelling agent, 172 
Antioxidants, 182 
Antipyrine, 120 
Apple oil, manufacture, 178 
Argentometry, absorption indicator for, 
180 

Arsenicals, 56 

Arylvinyl compounds, 5, 14, 26 
Asparagine, 114, 115 
N/5-methylene derivative, 114 
Aspartamic acids; N,N'-dimethyl-, 116 
Aspartamic acids, 114 
Aspartamide ; dZ-iV,iV',N"-trimethyl- 
116, 117 

Aspartamides, 112, 114, 116, 117 
Aspartanil; N-hydroxy-, 142 
phenyl-, 44 

Aspartic acid, 98, 99, 114, 138 
N-alkyl-, 104 

N«-anilino-, bis(l-phenylhydrazide) , 
124, 125 

carbamyl-, 98, 138 
esters of, 118 
fumarylbis-, 48, 98 
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Aspartic acid, i3-hydroxy-, 38 
N-(methoxybenzoyl)-, 144 
N-methyl-, 112, 113 
diethyl ester, 117 
methylamide, 116 
j8-monoethyl ester, 114 
N-substituted, 112 
N-tolyl-, 144 

Aspartic anhydride; N-acyl-, 144 
N-benzoyl-, 96, 144, 145 
Aspartimide ; N-a-dianilino-, 128 
Aspartyl lactams, 100 
6-Azabicy do [3 .2 . 1 ] -3-octene-8-car- 

boxylic acid; 2,4-diethyl-7-oxo-6-' 
phenyl-, 146, 147 
2,4-diinethyl-7-oxo-, 146 
Azetodiindole-O-a-butenoic acid; 5a, 10b, 
10c,ll-tctrahydro-7-oxo-, 150 
Azides, 155, 157 
Azincs, 96, 137, 148, 149 
2,3-Aziridinedicarboxylic acid; 1-carb- 
amyl-, diethyl ester, 97, 154, 
155 

Azobenzene, 158 

Bacteriocide, 56, 114, 138, 152, 220 
Baking powder, ingredients, 178 
Barium chloride, 32, 33 
Batteries, ingredient for dry, 178 
Beckmann rearrangement, 144 
Beer, clarifying agent, 178 
Benzaldehyde, azine, 96, 136, 137, 148, 
149 

oxime, 144, 145 
phenylhydrazone, 135, 149 
1,2-Benzanthracene, 16 
Benz [a] anthracene; methyl-, 55 
8,9,11-trimethyl-, 56 
7/f-Benz [ de ] anthracene-8-carboxy lie 
acid ; 7a,8,9,10,ll,lla-hexahydro- 
7-OXO-, 204 

Benzene, 16, 50, 88-91, 95 
allyl-, 6 

£eri-butyl-, 4, 10 
chloro-, 52 
cleavage of, 200 
o-dibenzoyl-, 94 
m-dim ethoxy-, 92 


Benzene, p-dimethoxy-, 92 
l,2-dimethoxy-4-propenyl-, 196 
ethyl-, 10 
isopropyl-, 10 
l-methoxy-4-propenyl-, 196 
propenyl-, substituted, 32 
purification of, 12 

Benzenediazonium chloride; p-chloro-, 
161 

Benzenesulfinic acid, 231 
Benzene thiol; o-amino-, 236-238 

1.3.5- Benzenetricarboxylic acid, tri- 

methyl ester, 198 

Benzo [ 1 ,2-a,3,4-a' ] -diacenaphthalene- 
7,8-dicarboxylic anhydride, 240, 
241 

Benzofuran; 1,2-diphenyl-, 186 

4.5- Benzofurandicarboxylic anhydride ; 

3a,4,5,6-tetrahydro-, 186 
Benzofurans; dihydro-, 94 
Benzoic acid, formation of, 208 
phenyl ester, 82 

Benzoic anhydride, as a dehydrochloro- 
nating agent, 32 
Benzoin, 202 
Benzophene, 34 

4-Benzopyrancarboxylic acid ; 4-oxo-, 
30 

Benzopyrrole ; a-methyl-, 150 
3-Benzothiamorpholine-2-acetic acid, 
236, 237 

l,4,2i/-Benzothiazine-2-acetic acid; 3,4- 
dihydro-3-oxo-, 216, 236, 237 
Benzoyl chloride, 214 
Benzoyloxy compounds, 208 
Benzoyl peroxide, 5, 24, 25, 27, 52, 53, 
171, 208, 209 

as dehydrochlorinating agent, 32 
Benzyl alcohol; 3-£er£-butyl-6-hydroxy- 
5-methyl-, 170, 184, 185 
Benzyl amine, 214 
Benzyl azide, 156, 157 
Benzylmagnesium chloride, 80, 84, 

86 

Biallyl, 6 

Bicyclo [2.2.1 ]-2, 5-hep tadienes, 94 
Bicyclo [2.2.1 ] -6-heptene-2,3-dicar- 
boxylic anhydride, 12 
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Bicyclo [2.2 .2 ] -5-oc tene-3 ,4 ,7 ,8-tetr acar- 
boxylic dianhydride; 1,5-di- 
ethoxy-, 188 

Bicyclo [ 2 .2 .2 ] -7 -oc tene-2 ,3-dicarboxy lie 
anhydride ; 7-isopropyl-7- 
methyl-, 18, 19 

Bicy do [ 2 .2 .2 ] -7-oc tenc-2 ,3 ,5 ,6-tc tra- 
carboxylic dianhydride; 7-car- 
bomethoxy-, 198 

1 -me thy 1-7 ,8-diphenyl-, 200, 201 
Bicyclol2.2.2]-7-octenc-2,3,5,6,7-pGnta- 
carboxylic 2,3,5,6-dianhydride 
methyl ester, 171, 198, 199 
pentamethyl ester, 198 
Bicyclopolycarboxylic polyanhydridcs, 
198 

Bicyclopyrrolidonecarboxylic acids, 
146 

Bicyclotetracarboxylic acids; alkyldi- 
phenyl-, 200 
Biphenyl, 78 
Biphenyl compounds, 12 
Bis-adducts, 14, 42, 196-201 
Bispyrrolidine compounds, 136 
Bisulfite ion, 226 
Bisulfites, 216, 228, 230 
Bitumen products, 56 
Bleach, for food products, 56 
liberant, 178 

Blueprint paper, ingredient for, 178 
Bromine, 108, 190, 198, 220, 244 
substitution, 56, 180 

1.3- Butadiene, 13, 32 
l-chloro-3-methyl-, 42 

Butadienes; 1-acyloxy-, 202 
1-aryl-, 204 
chloro-, 110 

2,2-Butanedicarboxylic acid; 4,4-di- 
benzoyl-l-phcnyl-, 94 

1.4- Butanediol ; 2-amino-l,l,4,4-tetra- 

phenyl-, 98 

l,4-diphenyl-2-piperino-, 94 

1.4- Butanedione ; 1,2,4-triphenyl-, 74, 

78, 79 

1.2. 3 .4- Butane tetracarboxy lie acid-, 12 
1-phenyl-, esters, 208 

1.1.4- Butanetri carboxylic acid; 2-dicar- 

boxymethyl-, ester, 214 


1,2,3-Butanetricarboxylic acid; 4-cy- 
ano-, trimethyl ester, 162, 163 
3-Butanoic acid; 4-(p-methoxy- 
phenyl)-, 56 

1- Butene; 1,4-diphenyl, 26 

2- Butene-l ,4-diol ; 1 ,1 ,4,4-tetrapheny 1-, 

82, 83 

3- Butene-2-one ; 4-phenyl-, 202 
3-Buten-l-ol ; l-( 1-naphthyl)-, 205 
cis-Butenoid configuration, 42 
Butylmagnesium bromide, 86 
Butyric acid; 7-hydroxy-^, 7 , 7 - 

triphenyl-, 82 

/3,7,7-triphenyl-, lactone, 82, 83 

Carbamides, 139 
Carbamyl azide, 97, 154, 155 
‘‘Carbic Anhydride,^' 12 
Carbinol; a-naphthyl allyl-, 205 
Carbinols; a-allylaryl-, 170 
arylalkenyl-, 204, 205 
Carbon dioxide, 144, 163, 171, 198, 244, 
246-249 

Carbon monoxide, 50, 144, 170, 171, 

200, 201, 215 

Carbon tetrachloride, 29, 52, 53 
Carbonyl bridge, cleavage of, 170 
Carboxyl groups, 68, 72, 86, 96, 98, 164, 
170, 222, 236 

Carboxylic acids, cyclic, 42 
Catalysts, 24, 25, 27, 53, 65, 67, 72, 106, 
160, 176, 178, 202, 203, 206, 207, 
215, 220, 244, 245, 251 
Cathartics, 250 

Cellulose acetate, hydrolyzing aid, 172 
Cellulose polymaleates, 176 
Cements, 32 

Ceramics, marking of, 178 
Chemicals, petroleum, 26 
photographic, 26 
Chlorine, 30, 31-33, 39 
2,3-Chromandicarboxylic acid, 170 
6-^eri-butyl-8-methyl-, 184, 185 
Cinchomeronic acid; 5-hydroxy-6- 
methyl-, 56 

1 ,2,3,4-Tetrahydro-3-hydroxy-6- 
methyl-2-oxo-, 32 

Cinnamic acid, aromatic esters, 248, 249 
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Claisen condensation, 59, 68, 69 
Coatings, 18, 24, 26, 176, 202 
waterproof, 12 
Collidine, 120 
Color stable coatings, 24 
Complex compounds, 70, 72, 88, 90, 
92 

Condenser, electrolyte for, 172, 178 
impregnant for, radio, 172 
Condiment, 172 

Conjugated bond, activation of, 240 
Conjugation, test for, 12 
Copolymers, 14, 18, 26, 27, 66, 106, 174, 
176, 192, 194, 202 
of chloromaleic esters, 32 
hetero, 202 
with methacrylate, 26 
resinous, 9 
sulfonated vinyl, 26 
with vinyls, 26 

Cottonseed, preservation of, 106 
Coumalic acid, 172 
esters, 198 199 
Coumalins, 198 
Coumarin, 172 

6- methyl-, 170, 182, 183 
Cresols, 170, 180, 182, 183 
Cross-linking, 166 
Crotonaldchyde acetate, 12 
Crotonic acid; 7 , 7 -diethyl- 7 -hydroxy-, 

78, 86, 87 

7 - hydroxy-, 59 
7 -hydroxy- 7 , 7 -diphenyl-, 50 

Crysene, 16 
Cumene, 10 
Cyanamidc, 234 

Cyclic oxymethylene, derivative, 214 
Cyclization, 50, 162, 164, 182, 208 
2,4-Cyclohexadiene-l,4-dicarboxylic 

anhydride ; 3,5-diethoxy-, 188, 189 
Cyclohexaneacetic acid; 3,6-dicarboxy- 

2-0X0-, triethyl ester, 206 
Cyclohexanesuccinic acid, 76 
cw-4-Cyclohexene-l ,2-dicarboxylic acid, 
12 

3,4-dimethoxyphenyl-, 204 
ci5-3-a-naphthyl-, 204, 205 

3-piperonyl-, 204 


cis-4-Cyclohexene-l ,2-dicarboxy lie an- 
hydride, 12, 13 

4-Cyclohexene-l ,2-dicarboxy lie anhy- 
drides ; alkylmercapto-4-methyl-, 
242 

Cyclohexenes, 94 

4-Cyclohexenc-l,2,3,5-tctracarboxylic 
1,2-anhydride; 6-hydroxy-, 5-lac- 
tone methyl ester, 198 
Cyclopentadiene ; hexachloro-, 42 
octachloro-5-ethylidene-, 42 
Cyclopcntadienones, 200 
Cyclopcntanecarboxylic acid ; 2-oxo-, 
ethyl ester, 34, 207 

Cyclopentanesuccinic acid ; 1-carboxy- 
2-OXO-, ester, 34, 206 
3-carboxy-2-oxo, triethyl ester, 206 

1.2.3- Cyclopentanetricarboxylic acid; 4- 

cyano-5-oxo-, trimethyl ester, 

162, 164, 165 

Cyclopentanone ; 2-cyano-2,3,5-tricarbo- 
methoxy-, 164 

Cyclopen tanonocarboxy lie acid, esters, 
207 

4//-Cyclopenta [a] phenanthrene-15,17- 
dione-,14 

15-Cyclopenta [a ] phenanthrene-6,7,1 1 , 
12-tetracarboxylic acid, 20 
1,2,3, 4,5,6,7,11,12, 13,15,16-dodecahy- 
dro-, 20, 21 

2-Cyclopenten-l-one ; 2,5-dimethyl-4- 
hydroxy-3,4-diphcnyl-, 200 
Cyclopropane, 94 

Cyclopropanedicarboxylic acids, 158 

1.2 .3- Cyclopropane tricarboxylic acid, 30 
Cymene, 10 

Cystene, 222 

1,2,5,7,9-Decapentaene ; 1,10-diphenyl-, 
26 

Decarboxylation, 12, 97, 150, 154, 160, 
162, 164, 182, 196, 198, 244, 246- 
249 

Decyl chlorides, 40, 41 
Deemulsifying agents, 18, 176 
Dehydration, 80, 86, 87, 110, 182, 198, 
204 

Dehydrochlorination, 32, 33, 160 
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Dehydrogenation, in presence of 
nitrobenzene, 12 
with sulfur, 196 
Dentifrice, ingredient in, 172 
Detergents, synthetic, 6, 10, 26, 40, 56, 
64, 72, 112, 154, 178 
Deuterium chloride, 245 
Diacenaphtho[l,2-5,r,2'-d]thiophene, 
186, 217, 240, 241 
Diamines, 112 

1,5-Diazabicyclo [3.3.0] octane-2 ,3,6,7- 
tetracarboxylic dianhydride ; 
4,8-diphenyl-, 136 
Diazo compounds, 97, 158 
Diazonium chlorides, 97, 160, 161 
Dibenzanthracene, tumors from, 76 
Dibenzyl; 10 a,a'-dibromo-, 248 
Dichlorophosphates, 44 
Dicobalt octacarbonyl, 215 
3,3'-Dicoumarin, 56 
Dieckmann condensation, 206 
Diels-Alder reactions, 5, 12-21, 26, 32, 
42, 94, 106, 136, 146, 152, 170, 186- 
195, 198, 217, 240 

Dienecarboxylic acids, polycyclic, 191 
Dienes, conjugated, 13, 19, 32, 94, 190, 
192 

conjugated heterocyclic, 186, 187 
cyclic, 5, 190 

formation of conjugated, 192 
non-conjugated, 9, 192 
removal from benzene, 12 
Dienynes, 6, 20, 21 
Diethylene glycol, monomaleate, 
ferrous salt of, 176 
Diethylzinc, 74 
Diindolemaleic acid, 150 
Diisobutylene, 26 
Diketones, 59, 84, 85 
1,4-Diketones, uasaiurated, 94 
Dilead; hexaphenyl-, 22, 58, 63 
Dilevulinic acid, 150 
Dimerization, 55, 88, 97, 162, 188, 
200 

Dimorphism, 50 

Di( 1,8-naphthalene) phthalic anhydride, 
240 

Dinaphthalenethiophene, 241 


Diolefins, non-conjugated, 170 
Diol synthesis, 84 ■ 

Dioxane, 29, 52 

Dispersing agent, for fire retardents, 
172 

Disuccinic acids, 186 
Dithocarbamates, 244 
6-Dodecen-5-one ; 8-butyl-8-hydroxy-, 
84, 86 

Drugs, 56, 68, 104, 168 
Drying oils, 32, 192 
substitutes, 24, 66 
Dye-fixing agent, 202 
Dyeing aid, 56, 178, 250 
Dyes, 10, 12, 56, 112, 230, 236, 248 
for color photography, 26 
oil-soluble, 56 

Effervescent salts, acidulent for, 172 
Elastomers, ester type, 56 
Emulsifying agent, 40, 112, 172, 226 
Enamels, alkyd, 172 
Energy, 244-251 

3.6- Epoxy-4-cyclohexenc-l,2-dicar- 

boxylic acid, 186 
Eqiiilein, 56 
Ester gums, 190 
Esters, 174-177, 250 
fatty, 4, 192 

Etching solution, ingredient, 178 
Ethane ; l,2-bis(b0nzylideneamino)-, 
136 

1 .2- bis (4-methyl-2-thiazolyl ) -, 110 
hexachloro-, 52 

hexaphenyl-, 5, 23, 52, 62 
nitro-, 169 

9,10-Ethanoanthracene-ll,12-dicar- 
boxylic anhydride; 9,10-dihy- 
dro-, 16, 17 

3.6- Ethano-4-hexene-l,2-dicarboxylic 

anhydride; 7-isopropyl-, 18 
Ethanol, 72, 101, 115, 175, 189 
dibenzoyl-, 94 

1.2- dibenzoyl-2-chloro-, 94 
1,4-Ethanonaphthalene-5,6,9,10- 

tetracarboxylic dianhydride ; 

1 ,4,4a,5,6,7-hexahydro-2,3- 
dimethoxy-8-phenyl-, 196, 197 
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3,10a(3)-Ethanophenaiithrene-8,ll,12- 
tricarboxylic anhydride; 4, 4a, 4b, 
5,6,7,8,8a,9,10-decahydro-2-iso- 
propyl-4b ,8-dimethyl-, methyl 
ester, 190, 191 

Ether; bis- 7 -(butyrolactone)-, 214 
methyl vinyl, 202 
propenylphenyl, 26, 171, 194, 195 
Ethers, arylsuccinic anhydride, 92 
Ethyl acetate, 14 
Ethylene, 6, 26, 27 
bis(4-phenoxybenzoyl)-, 48 
2-bromo-l, 1-diphenyl-, 43 
derivatives, 27 
irans-dibcnzoyl-, 94 

1- (3 ,4-dimethoxy phenyl ) -1-phenyl-, 

197 

2- furyl-, 186 

l-phenyl-l-(3,4-dimethoxyphenyl)-, 
14, 42 

Ethylene glycol, 176 
Ethylene group, activation of, 98 
addition to, 54, 216 
substituted, 26 

Ethylene oxide; dibenzoyl-, 94 
Ethylene oxide group, 36 
Ethylenes, diaryl, 14, 196 
l,l-diaryl-2 ,2-dihalo-, 42 
diaryloyl-, 55, 94 
dibenzoyl-, substituted, 48 
dimethoxyaryl-, 170 
hetero-substituted, 202 
p-methoxyaryl-, 171, 196, 197 
2,3-Ethyleneiminedicarboxylic acid ; 

1-carbamyl-, diethyl ester, 154 
Ethylenesulfide-a,j9-dicarboxylic acid, 
diethyl ester, 218 

Ethyleneureadicarboxylic acids, esters, 

154 

Ethylmagnesium bromide, 85-87 
Ethylzinc iodide, 74 
Explosives, binder for, 24 

Fabrics, imparting crease resistance, 

154 

Fatty acids, preparation of branched 
chain, 86 
separation of, 12 


Fatty esters, non-conjugated, 192, 193 
Ferric chloride, 126 
Fibers, synthetic, 24, 176, 202 
Films, 202 
birefringent, 250 
Fire extinguisher, fluids for, 178 
Fire retardent, dispersing agent for, 

172 

Flavanthrene, manufacture of, 178 
Flavoring agent, 172 
Flour, bleaching of, 178 
Fluorene, 10 
9-anisylidene-, 26 
9-benzylidene-, 26 
Fluoresceins, 180 
Fly sprays, 194 
Foaming agent, 110 
Food wrappers, 18 
Formaldehyde, 110, 162, 176 
Formulas, type, explanation of symbols, 
4 

Free radicals, 5, 10, 22, 192 
Friedel-Craft reaction, 74, 78, 88-95 
Fruit preservative, 178 
Fuel, gelating agent for solid, 178 
Fulgides, 56 
Fulvenes, 94 

6-Fulvenol ; 1 ,4-dibenzoy 1-2,6-diphenyl-, 
94 

Fumaramic acids, 104 
Fumaramide, 110, 111, 116 
a-anilino-, 32 

Fumaric acid, 24, 30, 31, 35, 48, 49, 60, 
64, 99, 103, 173, 175, 182, 183, 
210, 228, 230, 234, 235, 236, 245, 
250, 251 

aromatic esters, 248 
biscyanomethyl ester, 162 
chloro-; diethyl ester, 32 
diethyl ester, 25, 69, 71, 83, 101, 119, 
155, 156, 174, 175, 179, 203, 210, 
215, 219 

dihydrazide, 132, 133 
dimethyl ester. 111, 133, 156, 157, 161, 
162, 163, 165, 212 
diphenylacyl-, lactone, 88 
diphenyl ester, 249 
esters, 132, 160, 164, 174, 260 
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Fumaric acid, glycol ester, 176 
ozonide, diethyl ester, 210 
salts, 230 
silver salt, 22 
Fumaric acids, halo-, 30 
aryl-, 160 
Fumaronitrile, 110 
Fumaryl azide, 132 
Fumaryl bisaspartic acid, 48 
Fumaryl carbamide, 132 
Fumaryl chloride, 29, 48, 49, 94, 95, 162 
Fumaryl dihydrazide, 132 
Fumaryl peroxide, 48 
Fungicides, 30, 72, 106, 172, 178, 224, 
234 

Furan, 170, 186, 187 
3-acetyl-2, 5-dimethyl-, 56 

5.5- dichloro-2,5-dihydro-2-oxo-, 50 
2,3-dihydro-2,2,3,5-tetraphenyl-, 82 

2.5- dihydro-2,2,5,5-tctraphenyl-, 80-82 
5-hydroxy-2,2,3,5-tetraphenyl-, 82 
2-isopropyl-5-methyl-, 186 
tetrahydro-5-hydroxy-2,2,3,5-tetra- 

phenyl-, 82 
2-vinyl-, 186 

3-Furanol; 1,4-diphenyl-, acetate, 94 
Furanones, 94 

Furans; 2,5-dihydroimidooxo-, 108 
substituted, 94, 97, 186 
2,3,4-Furantricarboxylic acid; 2,3-dihy- 
dro-5-phenyl-, 30 

Gelatin, desserts, 172 
powders, 172 
substitute, 26 

Germicide, 56, 114, 138, 152, 220 
Glycerol, 32 
Glycol, 176, 177 
Glycol maleate polyester, 246 
Glyoxylic acid, 212, 213 
Glyoxylonitrile ; a-hydroxy-, 179 
Grignard reagents, 54, 58, 59, 74-88 
Growth substance, 98, 114, 220 

Halo acids, 28, 35 
oxy-, 37, 39 

Halogen compounds, 28-51 
Halogens, 28^3, 39 


Hat sizes, ingredient, 178 
Heat, 244, 248-250 

1.5- Hexadiene-3-yne; 2,5-dimethyl-, 20 
1,2 ,3 ,6-Hexane tetracarboxy lie acid, 206 

tetraethyl ester, 206, 207 
Hexaplienyldilead, 62, 63 

1.3.5- Hexatriene ; 2, 5-dibenzy 1-1, 6-di- 

phenyl-, 86 

2- Hexenal; 2-ethyl-, 146 

3- Hexene-2,6-diol ; 2, 5-dibenzy 1-1,6- 

diphenyl-, 86 
Hormones, sex, 14 
5-Hydantoinacetic acid, 98, 138 
methyl ester, 138, 139 
ureide, 138 
Hydrazide, cyclic, 130 
Hydrazine; phenyl-, 32, 124-129 
Hydrazine dichloride, 238 
Hydrazine hydrate, 128, 131, 133 
Hydrazines, 124-133 
cyclic, 125, 130 
Hydrazoiies, 132, 134, 135 
acyl-, 134, 148 

Hydrinden(?tetracarboxy]ic acid ; 
1-methyl-, 208 

Hydrobromic acid, 34, 196, 244 
Hydrocarbons, 4-27, 32, 40 
alkylaromatic, 4, 10, 11 
aromatic, 5, 14-17, 20, 32, 89, 91, 95, 
248, 249 

conjugated, unsaturated, 12-15 
isomeric, 40 

non-con j ligated monocyclic, 8 
polynuclear, 16, 17, 20 
substituted aromatic, 10 
underchlorinated, 40 
vinylaromatic, 14, 15 
Hydrochloric acid, 35, 244 
Hydrogen, 54-57, 215 
Hydrogenation, dimeric, 94 
Hydrogen bromide, cleavage of, 29, 42, 
50 

Hydrogen chloride, cleavage of, 41, 42, 
44-46, 49, 50 

Hydrogen cyanide, 97, 162-165 
Hydrogen fluoride, anhydrous, 204 
Hydrogen peroxide, 94, 170, 179, 220 
Hydrogen sulfide, 244 
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Hydrogen sulfide, cleavage of, 240, 
241 

Hydroiodic acid, 196, 244 
Hydrophillic groups, 100 
Hydrosulfuric acid, 232 
Hydroxamic acid; hydrazinomaleyl-, 

30 

Hydroxylamine, 94, 214 
phenyl-, 106, 142, 143 
Hydroxy lamines, substituted, 142 
Hydroxyl groups, 112, 166, 170 
Hypobromite oxidation, 114 
Hypobromous acid, 6, 186 
Hypochlorous acid, 28, 38, 39 

lee cream, 172 
Ices, 172 

4,5-Imidazolidenedicarboxylic acid ; 2- 
0X0-, diethyl ester, 154, 155 
Imides, products from, 140 
Imino group, 134 

Iminotetracarboxylic acid, ester, 102 
Indan, 10 
Indene, 14 

3-Indenecarboxylic acid; 2-bromo-l,l- 
diphenyl-, 50 
Indole, 150 
N-a-dimcthyl-, 150 
a-methyl-, 150 

3-Indolebutyric acid; a-3-indyl-7-oxo-, 
150 

Indoles, 150, 186 
3-Indolcsuccinic acid, 150 
Ink, 12, 18 

Insecticide, 72, 106, 110, 138, 152, 168, 
174, 178, 224, 226 

Intoxication, treatment of chronic, 250 
lodo group, 34 
Isobenzofuranes, 240 
Isobenzothiophene, 240 
1,3-diphenyl-, 240 
1,3,5,6-tetraphenyl-, 240 
Isobutylene, 26 

Isocrotinic acid; 7,7-dichIoro-7-hy- 
droxy-, lactone, 29, 48, 50, 51 
Isodehydroacetic acid, 198 
Isomerization, 18, 54, 192, 238, 244, 250, 
251 


Isomers, 28, 30, 36, 38, 50, 92, 94, 108, 
114, 115, 144, 145, 154, 158, 172 
190, 204, 234, 244, 250, 251 
Isopropenyl acetate, 202 
Isopropylcadmium bromide, 77 
Isopropylmagnesium bromide, 76 
Isoquinolines, 120, 121 
N-alkyltctrahydro-, 120 
Isosafrole, 26, 194-196 
p-vinyl-, 14 
Isoprene, 12 

Itaconic acid; 7-anilino-, esters, 214 
Itaconic acids, 55, 56 

Jollies, acidulent for, 172 

Ketone, diethylacetal, 188, 189 
Keto acids, 78, 88, 90, 206 
unsaturated, 88 
Keto esters, 32, 58, 68, 69, 206 
Keto group, 68 
Ketone, aryl-, 88 
cyclic, 206 

3-hydroxy-2 ,3 ,3-triphony Ipropyl 
phenyl, 82 

Ketoolefinic acids, 74 
Ketotricarboxylic esters, 68 
Ketoximes, 144, 145 

Lachrymator, 104 
Lacquer, 26, 56, 202 
Lactam, 100 
Lactones, 6, 50 
Latex, coagulant, 178 
Lathering agent, 110 
Laundry sour, 178 
Laxative, 172 

Leather-processing agent, 6 
Levopimaric acid, 190 
methyl ester, 191 
Levulinic acid, 56 

Light, effect of, 202, 220, 244, 246, 247 
Lightening arrestor, electrolyte for, 172, 
178 

Linoleic acid; methyl ester, 192, 193 
mono- and polyadducts of, 192, 193 
Linoleum, 18 
Lubricant, stabilizers, 150 
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Lutidine, 120 

Malamic acids, 34, 45 
Maleamic acid, 104, 105 
N-alkyl-, 104 
/3-aininO“, 114 
derivatives, 134 
N-dodecyl-, 104 

N,N',N"-(2-hydroxy-s-phcnenyl)- 
tris-, 122 
N-phenyl-, 108 
N-substituted, 105 
Maleanil, 106, 107 
substituted, 106 

Maleanilic acid, 45, 47, 104, 140, 141, 
146, 147 
N-alkoxy-, 109 
p-methoxy-, 108, 109 
substituted, 106, 108, 114 
p-(2-thiazolyl)sulfamyl-, 104 
Maleanilidc, 44, 104 

Maleanilium dichlorophosphate, 44, 45, 

104 

Maleate ion, 226 

Maleic acid, 24, 48, 50, 51, 60, 61, 68, 127, 
131, 151, 182, 183, 187, 194, 202, 
212, 213, 222, 224, 225, 230-237, 
244-247, 250, 251 
ammonium salt, 105 
benzylidenehydrazide, 148, 149 

1- benzylidine-2-phenylhydrazide, 134, 

135 

bis(triphenyllead) acid ester, 62 
chloro-, esters, 32 
active diamyl ester, 174 
derivatives, preparation of, 32 
dibutyl ester, 221 

diethyl ester, 52, 53, 72, 77, 117, 139, 
174, 179, 185, 207 
dimethyl-, sodium salt, 54 
dimethyl ester, 52, 65, 72, 73, 81, 85, 
169, 208, 209-212 

esters, 84, 86, 156, 160, 171, 174, 202, 
250 

glycol polyester, 176, 177 

2- maleamy 1-2-methyl- 1,3-propylene-, 

polymer, 166, 168 
mannitol-sorbitol polyesters, 176 


Maleic acid, mixed sebasic and 1,3- 
propanediol ester, 176 
monoisoquinolinium salt, 121 
monomethyl ester, 174 
monooctyl ester, 227 
1,9-nonanediol bis(acid ester), 176 
pentaerythritol polyester, 176 
preparation of, 151 
salts, 230 

sodium salt, 57, 223 
sulfo-, salts, 228, 229 
triphenyl lead acid salt, 62 
Maleic acid ozonide, diethyl ester, 210, 
211 

Maleic acids; halo-, 30 
esters, 32 

Maleic anhydride, 7, 9-17, 19-23, 27, 33, 
41-43, 48, 50, 58, 62, 63, 74, 75, 
79, 80, 84, 86-90, 93, 94, 107, 113- 
115, 129, 135, 141, 144-150, 152, 
153, 166, 167, 174, 176-177, 179, 
180, 181, 188, 189, 192-202, 204, 
205, 210, 216, 224, 228-230, 238-243 
chloro-, 32, 33 
derivatives of, 74 
p-chlorophenyl-, 160 
sulfo-, 216, 228 

Maleic anhydrides; aryl-, 160 
halo-, 32 

Maleic anhydride ozonide, 210 
Maleimide, 105, 110 
N-anilino-, 128, 129 
a-anilino-N-phenyl-, 32, 142, 143 
a-bromo-N-(p-tolyl)-, 30 
a,/3-dichloro-, 56 

N,N',N"-(2-hydroxy-s-phenenyl)- 
tris-, 122 

a52/m-N-(p-hydroxyphenyl)-, 112 
«sym-N-(p-methoxyphenyl)-, 108, 128 
N-methyl-, 104 

N-phenyl-, 44, 106, 142, 143, 146 
Maleimides, 106 
N-amino-, 128 
N-ary 1-, 106 
N-arylamino-, 128 
N-substituted, 104, 106 
Malein chloride, 50 
Maleinhydrazide ; benzal-, 148 
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Maleinized oils, 4, 192 
Maleins, 180 
Maleonitrile, 110 
Maleyl chloride, 48 
a-bromo, 50 
asym-a, /3-dibromo-, 50 
unsymmetrical, 50 
Maleyl group, 1 
N,N-Maleyl hydrazide, 130 
Malic acid, 170, 172, 173, 244 
jS-acetomercuri-, mercuric salt, 60, 

61 

acetothio, 224 
aurothio-, 34 
^-chloro-, 28, 38, 39 
j9-chloromercuri-, disodium salt, 60 
salts, 172 

Malonic acid, diethyl ester, 55, 214 
esters, 32, 59, 70-72, 94, 214 
ethyl-, diethyl ester, 71 
Mannitol, 179 

Mercaptans, 216, 220-222, 244 
acyl-, 222 

Mercaptotricarboxylic acids, 222 
Mercuric acetate, 58, 60, 61 
Mercury salts, as catalysts, 220 
Metallic compounds, 58-95 
Metals, coloring of, 178 
polish ingredient for 178 
Methacrylic acid, esters, 202 
Methane; chlorotriphenyl-, 22 
diazo-, 158-160 
diazodiphenyl-, 158 
diphenyl-, 10 
tetranitro-, 190 

4,7-Methanoindene-l,8-dione ; 3a, 4,7 ,7a- 
tetrahydro-2,7-dimethyl-3,3a,5,6- 
tetraphenyl-, 201 

1 ,4-Methanonaphthalene-2,3- 

di carboxylic anhydride; 1, 2,3,4- 
tetrahydro-, 14 
M ethoxy substituents, 196 
Methylamine, 117 
N-benzylidene-, 140 
N-cinnamylidene-, 140 
a-Methylene group, 4, 6, 55, 68, 72, 
192 

Michael condensation, 59, 71-73 


Mirror, manufacture, 178 
Mouth wash, ingredient in, 172 
Muconic acid, dimethyl ester, 12 
Musk, synthetic, 56 

Naphthacene, 16 
a-Naphthaldehyde, 205 
Naphthalene, 16 
a- or j3-cyclopentenyl-, 14, 196 

1,2, 3,5,6, 7-hexahydro-, derivatives, 5 

1- methoxy-4-propenyl-, 196 

2- methyI-, 10 
tetrahydro-, 10 

1.2.3.4- tetramethyl-, 10, 16 
1,2, 4, -triphenyl-, 82 

1-vinyl-, 5, 14, 15, 16, 26, 194, 196, 
204 

3,4-Naphthalenedicarboxylic acid ; 
1-phenyl-, 42 

1,2-Naphthalencdicarboxylic 

anhydride ; 3-metbyl-,6,7- 
methylenedioxy-, 194 

1.2.3.4- tetrahydro-3-methyl-6,7- 
methylenedioxy-, 194, 195 

esters, 194 

Naphthalenedicarboxylic anhydrides ; 
dihydro-, substituted, 32 
1-phenyl-, 42 

Naphthalonetetracarboxylic 

anhydrides; hexahydro-, 20 

1- Naphthalenemethanol; a-aliyl-, 205 

2- Naphthol, 180 
Neovitamin, 12 
Nitric acid, 179, 244 
Nitriles, 59 
Nitrobenzene, 12 

Nitrogen, cleavage of, 97, 156, 158, 160, 
161 

compounds containing, 96-169 
Nitrogen atom, alpha to— C=:N-, 134 
Nitrous acid, 132 

1,9-Nonanediol, bis(acid maleate), 176 

3.6- Octanediol ; 3,5,6-triethyl-, 84 

3.6- Octanedione ; 5-ethyl-, 84, 85 

3- Octanone; 5, 6-diethy 1-6-hydroxy-, 86 

1,3,5,7-Octatetraene ; 1,8-diphenyl-, 56 
Oil additives, 56 
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Oil emulsions, 6 
Oils, maleinized, 4, 192 
Olefins, 4, 7, 12, 40 

Oleic acid; methyl ester, adducts, 192 
Opium extracts, 178 
Ore, flotation, 178 
Osazones, 136 

7-Oxabicy do [2.2.1 ] -5-hep tenc-2,3-di- 
boxylic acid; 5-bromo-6-hy- 
droxy-, lactone, 186 
7-Oxabicyclo [2.2 .1 ] -5-hep tene-2,3-dicar- 
boxylic acid, 186, 187 
Oxalacetic acid, 172 
Oxalic acid, 212, 213 
Oxamic acid, benzyl ester, 

benzylammonium salt, 156 
Oxamide, dibenzyl-, 156 
Oxidation, 171, 182, 212, 220, 222 
Oxidation-reduction potential, appar- 
ent, 55 

Oximes, 96, 144, 145 
Oxygen, compounds containing, 170-215 
inhibition by, 220 
Ozone, 171, 210-213 

Paint remover, ingredient, 178 
Paints, emulsion, 12 
Paraconic acid, 55, 56 
7 , 7 -diphenyl-, ethyl ester, 34 
ParajSins; nitro-, 97, 168, 169 
Peckmann dye, 88 
Pectin, peptizing agent, 178 
Penetrating agent, 110 
Penicillin manufacture, 98 

1.3- Pentadiene; l-chloro-3-methyl-, 42 
hexachloro-, 42 

1.2.3.3- Pentanetetracarboxylic acid, 
tetraethyl ester, 70 

1-Pentanethiol, 221 

1.2.3- Pentanetricarboxylic acid, 70 
Peracids, 179 

Perchloric acid, 244 
Perfumes, 150, 182 
^Tetrex'^ acid, 8 
^Tetrex” resins, 8 
Petroleum distillate, 40 
Pharmaceuticals, 12, 56, 152, 158, 172, 
178, 220, 234 


a-Phellandrene, 18, 19 
Phenanthrene, 16 
9-vinyl-, 14 

1.2- Phenanthrenedicarboxylic acid, 14 
vinyltetrahydro-, 204 

cis-1 ,2-Phenanthrenedicarboxylic anhy- 
dride; l,2,3,10a-tetrahydro-, 14, 
15 

2.3- Phenazinedicarboxylic anhydride ; 
1,2,3,4,5,10-hoxahydro-, 152, 153 

Phenol, 82, 170, 181 
o-amino-, 112, 180 
p-amino-, 112 

2.4.6- triamino-, 123 

2.4.6- trimalcimido-, 122, 123 
Phenolmalein, 180, 181 
Phenolphthalcin, 170 
Phenyl group, angular, 200 
Phenyllithium, 80, 83 
Phenylmagncsium bromide, 74, 79 
Phenylzinc chloride, 59, 74-76 
Phosphine; triphenyl-, test, 186 
Phosphoric acid, 44 

dichloro-, salts, 44, 45 
Phosphorous chlorides, 51 
Phosphorous oxychlorides, 45, 104 
Phosphorous pentachloride, 29, 48, 51 
Phosphorous pentoxide, 106, 108, 110 
Phosphorous trichloride, 106 
Phosphoryl chloride, 44, 45 
Photographic chemicals, 56 
Photography, color, 26, 126, 158, 176 
Photopaper, ingredient for, 178 
Phthaleins, 180 

Phthalic acid; 3-a-naphthyl-, dimethyl 
ester, 204 

as-a-naphthyl-l,2,3,6-ds-tetrahydro-, 

204 

Phthalic acids; aryltetrahydro-, 204 
Phthalic anhydride, 166 
as dehydrochlorinating agent, 32 
3, 5-dicthoxy-l, 6-dihydro-, 188 
dihydro-, ethers of, 188 
Phthalic anhydrides; pyrazinotetrahy- 
dro-, 152 

tetrahydro-, 12, 146 
Phthalyl chloride, 48, 49 
a-Picoline, 120 
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Picramine; 2,4>6-trimaleyl-, 122 
Pigment, dispersant, 172 
Pimelic acid; 7-nitro-, ester, 168 
3,6-Piperazinediacetamide ; 2,5-dioxo-, 
98, 100, 101, 114 
Piperazinedisiiccinic acid, 118 
Piperidine, 119, 206, 220 
N-alkyl-, 120 

Piperidinesuccinic acid, 118 
diethyl ester, 119 

Plasticizers, 6, 12, 18, 26, 56, 66, 70, 168, 
174, 178, 220 

Plastics, 24, 26, 56, 176, 246, 250 
Platinum black, 244 
Poly amines, 32, 110 
Polycarboxylic nitriles, 162 
cyclic, 164 

Polyenes, conjugated, 5 
Polyester amides, 166 
Polyesters, 176 
air-drying, 24 

Polyethylenesuccinic acid ; thiolace- 
toxy-, polyethyl ester, 202, 203 
Polyethylenesuccinic anhydride, 26, 27 
Polymalates, 172 

Polymerization, 24, 66, 166, 176, 226 
emulsion, 24, 203 

Polymers, 6, 8, 9, 24, 72, 192, 194, 208 
Polyrnethacrylic acid, 203 
Polyolefins, 4 

Polyphenylethylcnesuccinates, 26 
Polysuccinate; allyl, 24 
dienol esters, 24 
diethylene glycol esters, 24 
ethyl, esters 24, 25 
glycol esters, 24 
nitroalkyl esters, 24 
Polyvinyl alcohol, 176 
Potash, alcoholic, 160 
Potassium cyanate, 138 
Potassium cyanide, 97, 163-165 
Potassium ethoxide, 206, 207 
Printing assistant, 110 
Printing of textiles, 178, 250 

1,3-Propanediol ; 2-amino-2-methyI-, 
166, 167 

l-Propanol ; Z-2-amino-l-m-hydroxy- 
phenyl-, 178 


Propargylic acid, 30 
Propene, 7 

Propionic acid ; a-amino-, esters, 214 
/3-benzoyl-a-phenyl-, 74, 78, 79, 88, 
90, 91 

/3-bromo-j3-ethylsulfonyl-, 34 
/3-cyano-, esters, 214 
/3- ( 2 ,4-dimethoxy benzoyl ) -a- ( 2 ,4-di- 
methoxylphenyl)-, 92, 93 
jS(2,4-dimethoxybenzoyl)-/3-(2,4-(.li- 
mcthoxyphenyl)-, 92 
/3-formyl-, 214 

a-3-indyl-/3-indylcarbonyl-, 150 
7 - 0 X 0 -, 59 

Propionic acids; aroyl-, 56 
Propylene, 26 

1,3-Fropylene maleato; poly-2-male- 
amy 1-2-methyl-, 167 
Protein hardener, 26 
Pseudohydantoin acids, 234 
Pyramidono, 120 
Pyrazine; 2,3-dimethyl-, 153 

2 ,3-d i p h eny 1-5 ,6-d i hy d r o- , 136 
Pyrazoles, 94 

3- Pyrazolidenecarboxylic acids; 5-oxo-, 

124 

5-oxo-3-phenyl-, 126, 127 
Pyrazolinecarboxylic acids, 158 
2-Pyrazoline-4,5-dicarboxylic acid, 158, 
159 

Pyrazolines, 94, 158 
Pyrazolonecarboxylic acids; phenyl-, 
172 

Py razo lo 1 1 ,2 ] py r az o lo- 1 ,2 ,5 ,6- te tracar- 
boxylic dianhydride; 1,2,3,5,6,7- 
hexahydro-3 ,7-diphenyl-, 136, 137 
Pyrethrum, 194 
Pyridazine; 3,6-diphenyl-, 94 
3,6-Fyridazinedione, 1,2-dihydro-, 128, 
130, 131 

Pyridine, 120, 214, 244 
5-Pyrimidineacetic acid; 4-hydroxy-2- 
methyl-, ethyl ester, 214 

4- Pyrimidinecarboxylic acid; 5-bromo- 

6 -OXO-, 114 
Pyrocatechol, 180 
Pyrocinclionic anhydride, 56 
Pyrogallol, 180 
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1,2-Pyroiie; 2,4-dimethyl-, 198 

4- Pyrone, 30 

Pyrone compounds, 171, 198, 199 
Pyrrole; a-methyl-, 150, 151 
N-methyl-, 150 
Pyrrole adducts, 150 

2.5- Pyroledipropiomc acid; N-methyl-, 

150 

2.5- Pyrroledisuccinic anhydride, 150 
Pyrrole reaction, 84 

Pyrroles, 12, 97, 150-152, 186 

5- Pyrrolesuccinic anhydride ; 2-methyl-, 

150, 151 

Pyrrolidine ; 2,5-dioxo-l-phenyl-3- 
phenylhydroxylamino-, 142 
1-Pyrrolidineacetic acid ; 2,5-dioxo-, 

methyl ester, 56 
Pyrrolidones; substituted, 168 
3-Pyrroline ; 3-anilino-2,5-dioxo-l- 
phenyl-, 142 

5-Pyrrolinone ; l-benzyl-3-carbethoxy-, 
214 

Quinoline; 2-styryl-, 120 
Quinone, test, 186 
Quinones, 186 
Quinoxaline, 152 

2.3- dimethyl-, 146, 153 

2.3- diphenyl-, 152 
2-methyl-, 152 
2-methyl-3-phenyl-, 152 

Quinoxalines, 152 

Rapogens for dyeing, 112 
Reduction, 20, 82, 168 
Resin acids, 190 

Resins, 6-10, 12, 24, 26, 32, 56, 66, 68, 
70, 104, 127, 136, 140, 148, 158, 
166, 172, 190, 202, 220, 250 
alkyd, 24, 26, 56, 172 
alkyd-phenolic, 184 
base-exchange, 26 
maleic, 176 
molding, 110 
oil-reactive, 12 
phenolic, reagent for, 172 
salt-like, 136, 140 
soluble infusible, 32 


Resins, for textiles, 110 
Resonance, 4, 204 
Resorcinol, 180 
dimethyl ether, 93 
Rhodamines, 180 
Ring closure, reductive, 168 
Roelen reaction, 171, 214, 215 
Rooting agents, 150 
Rosin, 190 
modified, 190 
Rubber, maleinized, 26 
modifying agent, 106 
plasticizer, 55, 220 
substitutes, 18 

synthetic, 24, 32, 110, 178, 226, 246 
tack-imparting agent, 224 
vulcanizing agent, 8 
Rust-inhibiting agents, 6 

Salts, heavy metal, 244 
Schiff’s base, 96, 140, 141, 146 
Sebacic acid, 176 
7,^-dioxo-, 150 

Selectivity in copolymerization, 26 
Semicarbazide, 84 
Shellac substitutes, 172 
Siccatives, 24, 66 
Silvering aid, 178 
Silver oxide, 179 
Sizes, 176, 178 
Soap stabilizer, 98 
Sodium bisulfite, 149, 226, 227 
Sodium chloride; cleavage, 32 
Sodium ethoxide, 34, 64, 69, 70, 138, 139, 
206, 221 

Sodium maleate, 37, 39, 223 
Sodium methoxide, 65, 169 
Sodium thiosulfate, 233 
Soft drinks, 172 
Softening agents, 12 
Sorbic acid; 7-ethyl-, phenacyl ester, 
86, 87 

Steric hindrance, 60 
Sterols, elucidation of structure, 20, 190 
Stilbene, 26, 248, 249 
derivatives, 248 
Stimulant, epithial, 220 
Stobbe condensation, 55 
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Stone, artificial, 178 
Styrene, 14 
w-bromo-, 42 
Succeins, 180 

Succinamic acids ; a, /3-dihalo-, 30 
Succinamide ; dithio-, 110 
Succinanil; a-chloro-, 46 
Succinic acid, 65-69, 226 
p-acetamidophenylsulfonyl-, 230 
allyloxy-; diallyl ester, 66 
2-amino-2-carboxyethylmercapto-, 

222 

amylmercapto dibutyl ester, 220, 221 
benzoxazolonesulfonyl-, 230 
a-benzoyl-/3-formyl-, diethyl ester, 
214 

a-(benzylaminomethylene)-, diethyl 
ester, 214 

benzylsulfonyl-, 230 
a,/3-bis(dichloromethylene)-, 62 
bis(tetrahydrofurfuryl)amylmcr- 
capto-, esters, 220 
a,/3-bis(trichloromethyl)-, diethyl 
ester, 29, 52, 53 
a,/5-bis(triphenylmethyl), 22 
bromo-, 34, 99, 180, 226, 234, 236 
diethyl ester, 34 

a- ( 1-carbethoxyethy laminomethy- 
lene)-, esters, 214 
carbododecyloxymethylmercapto-, 
esters, 222 

carbomethylmercapto-, 222, 223 
carbooctyloxymethylmercapto-, es- 
ters, 222 

l-carboxy-2-oxo-l-cyclo-pentyl-, 34, 

206 

chloro-, 34, 35 
esters of, 68 

o-chloro-/3-(p-chlorophenyl-, dimethyl 
ester, 160, 161 
o-chloro-/S-hydroxy-, 38 
4-chloro-3-nitrophenyIsulfonyl-, 230 
o-cyanobenzyl- ; dimethyl ester, 72, 
73 

cyclohexyl-, 76 
decenyl-, 40, 41 
decyloxy-, 64 
a, /3-diamino-, 30, 154 


Succinic acid, a,/8-diarono-, 30 
(iiazo-, 98 

a,i8-dibromo-, 28, 121, 179, 180 
dialkyl esters, 70 
a,/3-dichIoro-, 28, 30, 31 
esters, 30 
a,j8-dihalo-, 30 

dioxanyl-, dimethyl ester, 52 
a,jS-diphenoxy-, 30 
disulfo-, 228 
dithiocarbethoxy-, 172 
N-dodecyltetrahydroisoquinolinium 
betaine, 120 
epoxy-, 36, 37 
ethyl-, ester, 74 
ethylmercapto-, 34 
a-formyl-, ethyl ester, 56, 171, 214, 
215 

a-hydroxyethoxy-, 7-lactone, 172 
iminobis-, tetraethyl ester, 102 
a ,/3- ( iminocarbony limino ) -, die thy 1 
ester, 154 

iodo-, ethyl ester, 34 
isopropyl-, esters, 69, 76, 77 
isopropylidenc-, diethyl ester, 76 
isoquinolinium betaine, 120, 121 
mercapto-, 34, 172, 220, 234 
acetate, 224, 225 
esters, 34, 226 

methallyloxy-, dimethallyl ester, 66 
methoxy-, 64, 65 
dimethyl ester, 162-164 
methyl-, 76 

4-methyl-3-aminophenylsulfonyl-, 

230 

4-methyl-3-nitrophenylsulfonyl-, 230 
p-methylphenylsulfonyl-, 230 
1-nitroethyl-, dimethyl ester, 168, 169 
phenyl-, dimethyl ester, 208, 209 
o-phenylaminomethylene-, ester, 214 
phenylsulfonyl-, 230, 231 
piperidine-, 118 
sulfo-, 226, 234 

octyl ester disodium salt, 226, 227 
a-sulfo-/3-thio-, 232, 233 
a,a,/3-trichIoro-, 32 

Succinic acids; alkenoxy-, esters, 66 
alkoxy-, 64, 72 
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Succinic acids; alkyl-, 76 
alkylenyl-, 40 
alkylsulfonyl-, esters, 220 
aralkyl-, 10 

a-aryl-jS-chloro-, 97, 160 

a-bromo-iS-alkylsulfonyl-, esters, 220 

carboxyalkysulfo-, 222 

carboxyalkylsulfonyl-, 222 

a,i3-dihalo-, 30 

dihydroxy-, 178 

halo-, 34 

halohydroxy-, 38 

heterocycloamino-, 118 

hydroxy-, 172 

mercapto-, esters, 220 

nitroalkyl-, 168 

quaternary ammonium, 120 

substituted, 5, 186 

sulfino, 226 

sulfonyl-, 230 

Succinic anhydride, 55, 56, 166, 180 
allyl-, 6, 7 
benzyl-, 10, 11 
a,i8-bis(triphenyllead)-, 62, 63 
bromohydroxypropyl-, lactone, 6 
(2,4-dimethoxyphenyl)-, 92, 93 
2,5-hexadiene-l-yl, 6 
mercapto-, 220 
acetate, 224 
3-phenylallyl-, 6 
3-terpinolene-, 8, 9 
Succinic anhydrides; alkenyl-, 6 
alkyl-, 6 
cycloalkenyl-, 6 
cycloalkyl-, 6 
polyenyl-, 6 

Succinimide ; a-anilino-N-phenyl-, 106 
N-bromo-, 56 
N-chloro, 56 

a-chloro-N-phenyl-, 46, 47, 106, 108 
a,^-dichloro-N-phenyl-, 30 
a-(N-hydroxyanilino)-, 142 
a- ( N -hydroxy ani lino ) -N -phenyl-, 1 42 
143 

N-p-phenetyl-, 56 
phenylhydrazono-, 32 
o,a,)3,i3-tetrachloro-N-phenyl-, 30 
Succinosuccinic esters, 56 


Succinyl group, 26, 142 
Succinyl peroxide, 56 
Sudsing agent, 18 
Sulfinic acids, 217, 230, 231 
Sulfoacid anhydrides, 228 
Sulfonal, manufacture, 178 
Sulf one ; 4,4 -bis ( j9-carb oxy aery ly 1am- 
ino) diphenyl-, 104 
Sulfones, 217, 242, 243 
Sulfothio acids, 232 
Sulfur, 216, 218, 219, 244 
compounds containing, 216-243 
dehydrogenation with, 196 
Sulfur dioxide, 244 
cleavage of, 217, 242, 243 
manufacture, 178 

Sulfuric acid, 170, 175, 181-183, 233 
Sulfurous acid, 232 
Sulfur trioxide, 216, 226, 228, 229 
Surface active agent, 12, 100, 110, 
222 

Symbols, explanation of, 3 

Tanning agent, 18, 26, 112, 230, 250 
Tartaric acid, 36, 170, 178, 179 
diethyl ester, 179 
Tautomerism, 108, 140, 146 
Teeth, cleaner for artificial, 178 
Terpenes, conjugated, 19 
monocyclic, 18 
non-conjugated, 8, 9, 18 
Terpenesuccinic anhydrides, 8 
a-Terpinene, 8, 18 
Terpinolene, 8, 9 

3-Terpinolenesuccinic anhydride, 8, 9 
Tetracarboxylic acids, 70, 71 
Tetraenes, conjugated, 20, 196 
1,2,3,4-Tetralintetracarboxylic acid, tet- 
ramethyl ester, 208 
Textiles, agent for, 26, 154, 226, 230 
finishes for, 110 
lubricants for, 6 
Therapeutic agent, 98, 110 
Thiachromanones ; carboxyhalo-, 220 
Thiazole; 2-mercapto-4-methyl-, 251 
Thiazole-5-acetic acid; 2, 4-dike totetra- 
hydro-, 2-isopropylidenehydra- 
zone, 238 
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Thiazoles, 244 

5-Thiazolidineacetic acid ; 2-aceionea- 
ziiie-2,4-dioxo-, 238, 239 
2-imiiio-4-oxo-, 217, 234, 235 
5-Thiazolidineacetic acids; azine-2,4-di- 
OXO-, 238 

Thiazoledioncacetic acids, 238 
Thiazolidone ; imino-, derivatives, 234 
ThiazoIidone-5-acetic acid ;2-phenyl-iiu- 
ino-3-phenyl-, 234 
Thiazolines, 244 
Thickeners, 202 

2,3-Thiiranedicarboxylic acid, esters, 
218, 219 

Thioacetic acid, 216, 225, 230 
Thio acid, salts, 244 
Thioamines, 235 
Thiocyanates, 244 
Thiohydantoin, 234 
Thiolacetic acid, sodium salt, 223 
vinyl ester, 203 
Thiol acids, 216, 222, 223 
Thiomalic acid-, 224 
Thionyl chloride, 48, 106, 107 
Thiophene, 12, 240 
2-(alkylmercapto)-, 56 
Thiophene 1-dioxide ; 3-i6r^4)utyImor- 
capto-2,5-dihydro-4-mct hyl-, 243 
2,3,4,5-Thiophenetetracarboxylic acid, 

30 

Thiophenol, o-amino-, 216, 237 
Thiosemicarbazones, 217, 238, 239 
identification of, 238 
Thiosulfate, solution, 244 
Thiosulfates, 211, 217, 233, 244 
Thiosulfuric acid, 232, 233 
Thiotolene, 240 

Thioureas, 217, 234, 235, 238, 244 
Thioxene, 240 
Thiuram disulfide, 244 
Tin plating, ingredient for, 178 
Toluene, 4, 10, 11 
Toluidines, separation of, 104 


a-Tolunitrile, 72, 73, 97 
Triazoledicarboxylic acids, dihydro-, 
esters, 156 

A 2 - 1 ,2,3-Triazolinc-4,5-dicarboxylic 

acid; 1-bcnzyl-, dimethyl ester, 
97, 156 

Tricarballylic acid; a-acoto-, triethyl 
ester, 68, 69 
a-cyano-, 72 

Trimesic acid, trimethyl ester, 198 

Urea, 138, 139, 234 
5-hydantoinacetyl-, 138, 139 
Ureides, cyclic, 138 

Varnishes, over-print, 12 
Vegetable oils, 192 

Vehicles; synthetic for paint and var- 
nish, 24, 66 
Veratrole, 92 
p-vinyl-, 14 

Vinyl compounds, 5, 16, 26, 27, 42, 43, 
171 
aryl-, 15 

diaryl-, halides, 42, 43 
heterosubstituted, 202, 203 
Vitamin A, separation, 12 
Vitamin B, synthesis, 246 
Vitamin C, stabilizer, 98 

Water, 170, 173 
Water-repellents, 56 
Wotting agent, 18, 40, 112, 216, 226 
non-foaming, 112 

Xantho group, 34 
p-Xylene, 10 

Yeast, growth substance for, 98, 114 
treatment of, 178 

Zerewitinoff reaction, micro-, 190 
Zinc chloride, 48, 110 
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